{ 


al. 


Coll 


1Ca 


ane Library 


Copy 


Surgery 


on 


Symposium 
Anesthestology in Cardiac 


Guest 


SEYMOUR SCHOTZ, M.D. 
Editor 


A PUBLICATION OF THE Yorke Group 


OCTOBER 1960 


FI OURNAL OF THE 
Z 
# 
en 
4, 
{> bi 
\ 


Raudixin-the cornerstone of antihypertensive therapy- 
helps relieve the pressures in your patients-helps 
relieve the pressures on your patients / 50 and 100 mg. tablets 


“whole root rauwolfia for exceptional patient response 


SQUIBB at Squibb Quality—the Priceless Ingredient 
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~ HOW WOULD YOU DEFINE 
the ideal 
The qualities to be sought in an ideal diuretic have been 
listed! as follows: 
“(1) Sustained rather than abrupt violent action. 


(2) Reduced capacity for electrolyte upheaval. 

(3) Gonvenience of administration; self-administration (oral, 
rectal, or subcutaneous). 

(4) Decreased toxicity (systemic and local irritant action, 
especially of the gastromtestinal tract). 

(5) Effectiveness where others are ineffectual or contra- 
indicated. 

(6) Applicability in cases with a history of allergic reaction 

to other diuretics.” 


It would be rash to term any drug ideal. It is safe to say, 
however, that Aldactone very closely approximates these six 
requirements. Most importantly, Aldactone often relieves 
edema and ascites resistant or not optimally responsive to 
conventional diuretics. By blocking the action of the potent 
salt-retaining hormone, aldosterone, Aldactone, used alone 
or in synergistic combination with other potent agents, estab- 
lishes satisfactory diuresis in most edematous patients who 
have heretofore been considered beyond the help of medical 
management. Aldactone offers a fundamentally new approach 
to the control of edema in such disorders as congestive heart 
failure, hepatic cirrhosis, the nephrotic syndrome and idio- 
pathic edema. 

ALDA CT ON. KH Se as compression-coated yellow tablets of 100 mg. 


(brand of spironolactone) 


1. Modell, W.: Am. J. Cardiol. 3:139 (Feb.) 1959. 
Research in the Service of Medicine G. D. SEARLE &co. 
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WITH ONE TEMPULE® 
MORNING AND NIGHT 


PENTRITOL 


TEMPULES 


controlled disintegration 
capsules 


The best has been improved. PETN, 
proven over the years to be the most effec- 
tive drug for preventing anginal attacks, 
has been improved by incorporating it into 
controlled disintegration capsules. Pentri- 
tol Tempules exhibit the benefits of PETN 
**.,.plus a smooth sustained clinical result 
that seemed to show a superior effect.” 


Pentritol Tempules given every 12 hours 
reduced or eliminated nitroglycerin re- 
quirements, stopped anginal attacks or 
reduced their frequency, eliminated or 
mitigated pain, and increased the capacity 
for physical activity. Patients previously 
taking PETN in tablets with little progress, 
responded favorably to Pentritol Tempules.* 


Recommended dose is 1 Pentritol Tempule morning and evening, approximately 12 hours apart. 
Available in bottles of 60 Tempules. Also available: Pentritol-B Tempules with 50 mg. of butabarbital 


added for vasodilation p/us sedation. 


1. Biegeleisen, H. I.: Clin. Med. 2:1005, 1955. 2. Roberts, J. T.: Clin. Med. 4:1375, 1957. 


© 1960, A.P. Co. 


ARMOUR PHARMACEUTICAL COMPANY Kankakee, ittinois Armour Means Protection 
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ORAL (tablet swallowed whole) 
for dependable prophylaxis 


SUBLINGUAL-ORAL 


for immediate and sustained relief 
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Nitroglycerin 
—0.4 mg. (1/150 grain)—acts quickly 


itrus “flavor-timer” 
— signals patient when to swallow 


Pentaerythritol tetranitrate 
—15 mg. (1/4 grain)—prolongs action 


For continuing prophylaxis patients may 
swallow the entire Dilcoron tablet. 


Bottles of 100. 


Average prophylactic dose: 
1 tablet four times daily 
(before meals and at bedtime). 
Therapeutic dose: 
1 tablet held under the tongue until citrus 
flavor disappears, then swallowed. 
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CONTENTS 


Symposium on Anesthesiology in Cardiac Surgery 


Effects of Anesthesia upon the Heart . .. . . . .BENJAMIN ErsTEN AND T. H. Li 706 


No matter which anesthetic agent is used, cardiac function in the normal human is little disturbed during 
light or moderate levels of anesthesia. But myocardial depression may occur during deeper levels of 
anesthesia, especially in the presence of additional stresses, such as anoxia, hypercarbia, hypotension, 
impaired adrenal function and other circulatory depressant drugs. The ability of a cardiac patient to 
withstand anesthesia depends on his cardiac reserve and other diseases. 


Physiologic Concepts in Management of Anesthesia in the Patient Undergoing Cardio- 
vascular Surgery . . . . . BENJAMIN E. MARBuRY AND JosEPH F. Artusio, JR. 716 


The authors discuss the practical management of anesthesia in cardiovascular patients being operated 
upon by closed and open heart methods. Basic physiologic concepts are emphasized. 


Anesthesia for Cardiac Surgery. . . . . JoxuNB. Ditton AND Eva M. Kavan 721 


The anesthesiologist, considered the “guardian angel’’ of the operating room by many patients, must 
tuck many problems under his wings including préoperative psychologic preparation, proper anesthesia 
and postoperative recovery. Discussed briefly and interestingly in this paper are the general principles 
of anesthetic management during cardiac operations. These are well seasoned by instructive incidents 
which teach us the importance of minimal medication and adequate ventilation at all times. 


Anesthesia Management for the Operative Treatment of Coronary Artery Disease. 
L. RENDELL-BAKER AND H. G. MippLeTon 728 


The patient with coronary artery disease most likely to benefit from surgery is the one who has angina 
without marked reduction in the total blood flow. No surgery should be done within six months after 
myocardial infarction. Proper anesthesia in such patients successfully operated upon for coronary 
artery disease attempts to avoid excitement and hypotension while maintaining good oxygenation at al 
| times. Ways of preventing and treating problems connected with such surgery comprise most of the 
article and reflect the need for familiarity with not only the pharmacologic action of drugs but also the 
physiologic consequences of the surgical procedure. 


Anesthetic and Metabolic Factors Associated with Combined Extracorporeal Circula- 


tion and Hypothermia 
C. R. STEPHEN, SarRA J. Dent, W. C. SEALY AND K. D. HALt 737 


The authors believe their uncorrected mortality of 21.6 per cent in 180 patients with heart disease sub- 
jected to combined extracorporeal circulation and hypothermia is acceptable. Their experience shows 
that patients can be maintained with increasing ease during operation but serious postoperative complica- 
tions may develop. These center about regulation of blood volume, pulmonary function, acidosis and the 
complications of the patient’s organic disease. 
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FOR ANGINA 


Nitroglycerin is the drug of 
choice for the ACUTE ATTACK 


may well be chosen for 
PROLONGED PROPHYLAXIS 


“...the magnitude of the penpanes to 15 mg. [‘Cardilate’] was 
comparable to that following nitroglycerin. ...The comparatively 
prolonged duration of action of erythrol tetranitrate when given 
sublingually makes it especially valuable for clinical use.” 


“Nitroglycerin and erythrol tetranitrate when administered sub- 
lingually are among the most potent of all prophylactic agents 
available for the treatment of patients with angina pectoris.” 


“Erythrol tetranitrate exhibits an inherent long-acting vasodilat- 
ing effect. Therefore it is the drug of choice in angina pectoris.” 


Erythrol Tetranitrate Sublingual Tablets 


NEW ] 5 mg,, scored © 


Bottles of 100 tablets. 3. Hirshleifer, I., et al.: Scien- 
tific Exhibit, A.M.A., Atlantic 


Complete literature available on request. City, N. J., June, 1959. 


a 2. Russek, H.I.: Circulation | 
18:774 (Oct.) 1958. 


BURROUGHS WELLCOME & CO. (U.S.A.) INC., Tuckahoe, New York 


6 


ide 
va 
PER 
3 
CLINIC 
¥ 
OPINION 
Tes 
CLINIC 
Bis OPINION 
CLINICAL 
| 1 
“eh Je 
1958. 
f 
4 
: 


CONTENTS continued—October 1960 


VOLUME NUMBER FOUR 


The Role of Ouabain in Myocardial Insufficiency during Anesthesia and Surgery 
Epwarp A. TALMAGE 747 


Systemic hypotension, hypovolemia, peripheral and mesenteric vasoconstriction and the cardiac depressant 
effects of anesthesia during surgery may produce myocardial insufficiency. Ouabain can overcome this 
condition and is recommended in initial doses of 0.375 to 05 mg. intravenously for the undigitalized 
patient who develops myocardial insufficiency. 


Circulating Blood Volume Measurements for Cardiac Surgery 
SoLtomon N. ALBERT, WILLIAM E. BAGEANT AND CHALOM A. ALBERT 752 


Accurate direct measurements of the circulatory blood volume and its elements, red blood cells and 
plasma, by simple radioactive isotope methods are now available and should be used. In cardiac surgery 
blood volume studies serve as a guide to surgical management and are essential for the patient’s survival. 
Hematocrit determinations are frequently misleading and useless since a patient with a normal hematocrit 
reading may have either a marked hypervolemia or hypovolemia. 


The Value of Monitors in Cardiac Surgery... . 756 


The author discusses the ‘‘Orwellian Big Brother’’ battery of monitors frequently used during cardiac 
surgery to provide information about the pO2z, pCO: and pH of the blood, the electrical phenomena of 
the brain and heart, and the blood pressure and body temperature of the patient. He reassures us that 
a patient is safer in the hands of a careful, sensitive painstaking anesthesiologist with few monitors than 
he is in the hands of one with many monitors but no clinical sense. Thus, man still remains master of the 
machine, at least in anesthesia 


Electroencephalography in Cardiac Surgery 
H. ADELMAN AND ELLiotr JAcoBsON 763 


The electroencephalogram is a dependable, sensitive monitor of the oxygen supply to the brain. Since 
it detects hypoxia, hypotension and serious cardiovascular disturbances long before the electrocardio- 
gram, it is of greater value to the anesthesiologist during cardiac surgery. 


The Ear Oximeter as a Circulatory Monitor. III. The IR Pulse as a Guide to the 
Selection of Vasopressor Drugs in Cardiac Surgery . . . SEYMOUR SCHOTZ, 
S. S. BLoom, F. W. HeLtmswortu, Jr., H. C. DopGE Anp E. L. BirKmiRE 773 


If an ear oximeter is modified to record the upper 15 per cent of the scale of oxygen saturation, a measure 
of blood flow in the ear closely related to cardiac output is obtained. In this paper the relationship of 
this measure of cardiac output to the actions of vasoconstrictor drugs during cardiac surgery is reported. 
Other uses are briefly mentioned. 


A Special Care Unit for the Postoperative Open Cardiotomy Patient 
Epcar C. Hanks, RALPH A. DETERLING, JR., 


AARON HIMMELSTEIN, MARTIN SCHEINER AND E. M. Papper 778 


Meticulous postoperative care often means survival of the patient after open cardiotomy. This paper 
outlines the prerequisite measures to conquer such problems as optimal respiratory function, cardio- 
vascular stability, normal body temperature, electrolyte balance and other dire complications. 
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brand of rescinnamine 


a refinement in ag 


alkaloid therapy 


Science 
for the world’s 
well-being™ 


PFIZER LABORATORIES 
Division, Chas. Pfizer Co., Inc. 
Brooklyn 6, New York 


IN BRIEF 


MODERIL is rescinnamine, a purified rauwolfia alka- 
loid providing the benefits of reserpine with reduced 
frequency and/or severity of certain reserpine side 
effects. Rauwolfia has been referred to as the first 
agent to be tried and the last omitted in antihyper- 
tensive therapy. When MODERIL is given with other 
antihypertensive agents, the latter may often be ad- 
ministered in lower dosage with fewer undesired 
reactions. 


INDICATIONS: Primary therapy in mild to moderate 
labile hypertension. In more severe cases, as adjunc- 
tive therapy with other agents. 


ADMINISTRATION AND DOSAGE: Adjust dosage to mini- 
mum level for optimal therapeutic effect. Recom- 
mended initial dose—one 0.5 mg. tablet twice a day 
for two weeks. Significant side effects are unusual with 
MODERIL, but should they occur, reduce dosage to 
one 0.25 mg. tablet twice daily. When optimal hypo- 
tensive effects are obtained during initial period, this 
same reduced dosage or less may be used. If greater 
hypotensive effects than thcse observed during this 
period are required, cautiously increase dose by 0.25 
mg. per day (up to 2.0 mg. per day) and consider 
combined therapy. Doses should be taken after meals 
to minimize possible adverse effects of increased gas- 
tric secretion. 


Initial dosage for children 3-12 years of age is up to 
0.25 mg. twice daily for one week. Children should 
be observed closely and when therapeutic effect is 
achieved, this dose should be reduced by half, i.e., 
0.25 mg. daily. 


SIDE EFFECTS: Same type as with reserpine but usu- 
ally with reduced incidence or severity, ¢.g., mental 
depression, bradycardia, nightmares, and fatigue. 
Nasal stuffiness or congestion may occur but usually 
disappears with discontinuation of the drug or on use . 
of topical vasoconstrictors or antihistamines. Increased 
frequency of defecation and/or looseness of stools is 
an occasional reaction. There have been occasional re- 
ports of serious hypotension in persons on Rauwolfia 
compounds who undergo surgery with general or 
spinal anesthesia. It is suggested that MODERIL be dis- 
continued two weeks before surgery, when feasible, or 
other appropriate measures be taken. 


PRECAUTIONS: Because rauwolfia preparations may in- 
crease gastric secretion, MODERIL should be used with 
caution in patients with a history of peptic ulcer. 


SUPPLIED: Yellow, scored, oval tablets of 0.25 mg., 
bottles of 100 and 500; salmon, scored, oval tablets of 
0.5 mg., bottles of 100. 


More detailed professional information available on 
request. 
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Anesthesia for Cardiac Surgery: The Immediate Postoperative Period 
R. Hackett, Emit AND MARTIN HELRICH 


Prevention and management of the immediate postoperative respiratory, circulatory and neurologic 
problems following cardiac surgery are outlined. Emphasis is placed on complete preoperative prepara- 
tion including adequate digitalization and a baseline neurologic examination. 


Review 


This is an interesting review of all the known reported cases of postpartum myocardial failure. The 
author stresses the similarity of the pathologic changes in all the cases, resembling those seen in idio- 
pathic myocarditis. 


Experimental Studies 


Effect of Cardiac Arrhythmias on the Cerebral Circulation 
Corpay AND Davin W. IRvING 


With a new modification of the electromagnetic technic, the authors confirm that cardiac arrhythmias 
produce a severe reduction in cerebral blood flow. The greatest effect was noted during atrial fibrilla- 
tion and paroxysmal tachycardia, especially when associated with arterial hypotension. These results 
should explain the common occurrence of cerebral ischemia and transient strokes in patients with such 
arrhythmias. 


Effect of Hypothermia on Cerebral Damage Resulting from Cardiac Arrest 
KENNETH B. WOLFE 


Hypothermia produced some degree of protection against cerebral damage in 70 per cent and complete 
protection in 33.3 per cent of sixteen dogs subjected to a five minute period of ventricular fibrillation 
followed by resuscitation. All ten control dogs, not protected by hypothermia, died. 


Historical Milestones 


Thomas Bevill Peacock on Dissecting Aneurysm (1843) . . . . .SauLt JARCHO 


This month’s historical milestone highlights the concepts concerning dissecting aneurysm in vogue more 
than a century ago. 


Case Reports 


Congenital Tricuspid Stenosis. The Diagnostic Value of Cineangiocardiography and 


Hepatic Pulse Tracing 
Homosono B. Don M. Hosier AND Ray W. KIssANE 


This paper reviews the literature and reports a case of congenital tricuspid stenosis diagnosed with the 
assistance of cineangiocardicgraphy and hepatic pulse tracing. Since this lesion can be diagnosed clin- 
ically and repaired surgically, such cases should be separated from tricuspid atresia with which they are 


often lumped. 
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prevents anginal pain** 
a r a @ increases exercise tolerance*** 
reduces nitroglycerin requirements** 


A potent regulator of amine oxidase, Marplan has demonstrated a high degree of effectiveness in moderately severe to 
intractable angina pectoris. Improvement on Marplan ranged from a reduction in the number of attacks to virtual abolition of 
the anginal state. With Marplan, anginal relief is enhanced by a more confident mental climate — improving the chances of 
success of the entire prophylactic regimen. However, since the precise manner in which Marplan improves the cardiac status 
is as yet undefined, it is imperative that patients be instructed to maintain the same restrictions of activity in force prior to 
Marpian therapy. Consult literature and dosage information, available on request, before prescribing. —CaocHE}, 


References: 1. W. Holiander and R. W. Wilkins, in J. H. Moyer, Ed., Hypertension, Philadelphia, W. B. Saunders Co., 1959, a6 A ROGHE 

p. 399. 2. R. W. Oblath, paper read at American Therapeutic Society, 60th Annual Meeting, Atlantic City, N. J., June 6, : 
1959. 3. N. Bloom, Virginia M. Month., 87:23, 1960, 4. T. Winsor and P. Zarco, Angiology, 11: (Part 2), 67, 1960. 5. G. C. LAsOne irre 
Griffith, Clin. Med., 6:1555, 1959. 6. G. C. Griffith, Dis. Nerv. System, 21 (Suppi.), 101, 1960. Division of Hottmann-La Roche Inc. 
MARPLAN? — hydrazine 
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Aneurysm of the Right Coronary Artery. Rupture into the Right Atrium with Sur- 
vival for One Year . Rosert S. FRASER, LAWTHER LOGAN AND G. S. BALFOuR 


Simulating coronary thrombosis an arteriosclerotic aneurysm of the right coronary artery with rupture 
into the right atrium was found at autopsy in a seventy-four year old man. Persistent heart failure and 
a continuous harsh murmur best heard over the lower part of the sternum were the presenting signs. 
Hemodynamic data indicated a left to right shunt which retrograde aortography could have demon- 
strated. 


Transplacental Neonatal Digitalis Intoxication | 
Lr. Co. Jacques L. SHERMAN, JR. AND RoBERT V. LOCKE 


The unfortunate ingestion of 8.9 mg. of digitoxin in one dose by a pregnant mother induced acute digitalis 
intoxication in her and transplacental digitalis intoxication with fatal consequences in the fetus. Treat- 
ment saved the mother but failed in the prematurely born infant who apparently died from the effects of 
the prolonged intrauterine anoxia. 


Diagnostic Shelf 


Hyperparathyroidism with Wenckebach’s Phenomenon 
WI1LuiaM B. Crum H. Jackson 


This case illustrates that the excessive vagal action associated with hypercalcemia can produce A-V 
heart block ‘in hyperparathyroidism. 


Special Departments 


Progress Notes in Cardiology 
Book Reviews. . . 
Abstracts . 
College News 
President’s Column . 
Scientific Program 


Scientific Program 
10th Annual Meeting 


AMERICAN COLLEGE OF CARDIOLOGY 
Call for Abstracts 


The Program Committee asks your cooperation and help in stimulating any 
worker in the field of cardiovascular disease to submit abstracts of scientific work 
for selection for presentation at the Annual Meeting of the American College 
of Cardiology to be held in New York City at the Biltmore Hotel from May 17 to 
May 20, 1961. Such abstracts must be submitted on or before February 1, 
1961 to: Grorce C. Grirritx, M.p., Chairman, Program Committee, Uni- 
versity of Southern California, School of Medicine, 1200 North State Street, Los 
Angeles 33, California, P.O. Box 25. 
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NOTEWORTHY... Books by DAVIS 


NEW! 


To expedite an exact ECG diagnosis... 


DIFFERENTIAL DIAGNOSIS of 


THE ELECTROCARDIOGRAM 


By ARBEIT — RUBIN — GROSS 


An excitingly new and rewarding method 
of utilizing the electrocardiogram is presented 
in this new book. 


You will now have a “cardiac consultant” 
that speaks in the clear clinical terms of the 
cardiologist: How to form a specific ECG 
diagnosis and see the diagnostic significance 
of each deviation from the normal in every 
portion of the ECG. Minute changes on 
the ECG are given sharp meaning in terms 
of daily practice. 


The strikingly original plan of this book of- 
fers instant consultation services ...a plan 
which guides you according to the practical 
working methods of the cardiologist. First, 
there is a meaty summary of important 
basic principles, a superlative presentation of 
the electrophysiology of the normal and ab- 
normal heart. 


Then comes the extensive section that 
thoroughly covers DIFFERENTIAL 
DIAGNOSIS. It considers separately each 
isolated change in any portion of the ECG 
complex and proceeds from that abnormal- 
ity to the combination of findings that leads 
to the diagnosis. 


F. A. DAVIS COMPANY, 1914 Cherry Street, Phila. 3, Pa. 


LAVISHLY ILLUSTRATED—509 IL- 
LUSTRATIONS: There are 509 illustra- 
tions, with 402 hand-drawn electrocardio- 
grams reproduced in sharpest clarity. The 
diagnostic significance of each deviation 
from the normal in every portion of the ECG 
complex is pictured. 


New and Different in 


3 WAYS 


1. Given an unknown electrocardiogram, this 
book guides to a specific electrocardio- 
graphic diagnosis. 


2. Given a correetly interpreted electrocardio- 
gram, it confirms the diagnosis and dis- 
cusses clinical implications. 


3. Given a clinical diagnosis, it describes 
the ECG patterns with which this may be 
associated. 


By SIDNEY R. ARBEIT, M.D., Associate Professor of Clinical 
edicine, Seton Hall College of Medicine; IRA L. RUBIN, 
M.D., Lecturer in Medicine, Columbia University; HARRY 
GROSS, M.D., Assistant Clinical Professor of Medicine, Colum- 
University. 220 Pages 12’), 509 Illustrations. 
10.50 
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Books by DAVIS 


Just Off Press! 


Mendelson’s 


CARDIAC DISEASE 
IN PREGNANCY 


A recognized leader in obstetric cardiology 
here shares with you the results of his vast ex- 
perience at the New York Lying-in Hospital and 
at other clinics in this country and abroad. The 
clear integration of the specialties in this book 
marks a major highlight in medical writing. 
Dr. Mendelson demonstrates how the challenge 
of maternal mortality can be met when the 
specialties concerned are usefully integrated. 
Every aspect—medical, surgical and obstetric 
—is covered thoroughly in terms of obstetric 
implications of heart disease. The various 
etiologic types of heart disease met in preg- 
nancy are fully discussed in individual sec- 
tions. 


By CURTIS LESTER MENDELSON, M.D., F.A.CS., 


F.1.C.S., Director, Obstetric Cardiac Clinic, New York Lying- 
in-Hospital. 404 pages, 142 illustrations. $13.50 


Bailey’s Cardiac Surgery 


Edited by CHARLES P. BAILEY, M.D., Professor and Head of 
Department of Thoracic Surgery, Hahnemann Medical College. 
About 200 pages, illustrated. 


Page’s Arterial Hypertension 


By IRVINE H. PAGE, M.D., Director of Research, Cleveland 
Clinic Foundation. 40 pages, Illustrated. In durable, flexible 
binding. $2.00 


Mail order form on preceding page 


F. A. DAVIS COMPANY, Publishers, Philadelphia 


SALT 
HIS 
CARDIAC 
WOUND 


Modern saluretics may seem to have made un- 
limited salt intake possible for cardiac and 
hypertensive patients. Yet despite the improve- 
ments in diuretic therapy, sodiura restriction 
is still important in the prophylaxis of edema. 
The wise physician does not add needlessly to 
the burden of his patient, nor test unneces- 
sarily the power of the drugs he prescribes. It 
makes good sense to him to prescribe DIASAL 
—which looks, tastes and flavors food exactly 
like salt . . . but is sodium free. 


Diasal contains potassium chloride, glutamic acid and 
inert ingredients. Suvplied in shakers and 8 oz. bottles. 


® 


sodium-free salt substitute 


E. Fougera & Co., Inc. * Hicksville, New York 
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forms. COUMADIN: (warfarin 


bilable as: tablets—2mg lavender; 5 
mg., peach; 7/2 mg., 
white; 25 red. Units—one vial, 50 
ampul Water for 5 mg.,and one 3-cc. ampul_ 
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_ FOR ORAL, INTRAVENOUS OR INTRAMUSCULAR USE 7 
AV ge Dose: Initiq) 40-60 ma For erly nd/or debili 
Maintenance, 5-10 mg. daily, as indi¢ated by prothrombin time mplete Information and Reprints on Reque. 
LABORATORIES 


Proven 


in more than 


750 published clinical studies 


Effective 


FOR RELIEF OF ANXIETY 
AND TENSION 


Safe 


For your reference: controlled studies on Miltown...}... 


1. Blumberg, N. ef al.: Fed. Proc. 17:351, 6. Friedman, A. P.: Ann. N. Y. Acad. Sc. 1 
March 1958. 2. Boyd, L. J. ef al.: Am. J. 67:822, May 9, 1957. bgp yi o 
i } ; et al.: Ann. N. Y. Acad. Sc. : , Moy 7%, 
1957. 8. Holliday, A. R.: Northwest Med. P 
58:837, June 1959. 9. Hollister, L. E. et k 
et al.: Am. Pract. & Digest Treat. 10:1961, Dis. Nerv. System 17:289, Sept. 1°56. 1 
Nov. 1959. §. Ewing, J. A. and Haizlip, T. M.: 10. Laird, D. M. et al.: Dis Nerv. Sy:'em A 
Am. J. Psychiat. 114:835, March 1958. 18:346, Sept. 1957. A 
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simple dosage schedule produces rapid, 


reliable tranquilization without 
unpredictable excitation 


no cumulative effects, thus no need for 
difficult dosage readjustments 


does not produce ataxia, change in 
appetite or libido 


does not produce depression, 
Parkinson-like symptoms, jaundice 
or agranulocytosis 


does not impair mental efficiency or 
normal behavior 


Usual dosage: One or two 400 mg. tablets t.i.d. 
Supplied: 400 mg. scored tablets, 200 mg. 
sugar-coated tablets. Also as MEPROTABS* — 


ible-blind] continuous release capsules. 


W. 


1956. 12. Muhlfelder, W. J. et al.: Dis. Nerv. 
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400 mg. unmarked, coated tablets; and as 
MEPROSPAN® — 400 mg. and 200 mg. 


@TRADE-MARK 
igna, L.: J, Chron. Dis. 3:122, Feb. 


20:587, Dec. 1959. 13. Pollok, M.: e ® 
ner 184:231, Feb. 1960. 14. Rickels, 

J.A.M.A. 171:1649, Nov. 21, 1959. 
sek, H. I: Am. J. Cardiol. 3:547, 


59. 16. Tucker, K. and Wilensky, H.: (Wallace) 
Psychiat. 113:698, Feb. 1957. meprobamate (Wallace 


Wy WALLACE LABORATORIES / Cranbury, N. J. 
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THE Yorke CREED 


‘THe purpose or the Yorke Medical Group is to 
contribute to the improvement of human health and 
well being through the publication of medical 
research and experiences, as controlled by our 
Physician-Surgeon Editorial Boards. Our code of 
conduct shall 


To obtain the most qualified personnel available 
to serve on our Editorial Staffs. 


To select material only on the basis of its scien- 
tific merit and value to the profession and such 
selection shall be the sole and exclusive responsi- 
bility of the Physicians and Surgeons who comprise 
the Editorial Boards. 


To limit advertising to ethical pharmaceuticals 
and reputable medical equipment or services of 
immediate interest to our subscribers. Advertising 
must be consistent in standards with the editorial 
policies of the Journals. 


Medical journals present the recorded experiences 
of the profession and serve as a basis for new re- 
searches and life preserving developments. 


THE YORKE GROUP 
NEW YORK, N. Y. 


THE AMERICAN JOURNAL OF SURGERY 
THE AMERICAN JOURNAL OF MEDICINE 
THE AMERICAN JOURNAL OF CLINICAL NUTRITION 
THE AMERICAN JOURNAL OF CARDIOLOGY 
MODERN DRUGS 
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NEW 1960 BOOKS FOR THE CARDIOLOGIST 


EMBOLIC DISPERSOIDS IN HEALTH 
AND DISEASE 


By Gus Schreiber, Baylor Univ. This re- 
port demonstrates exogenous and endogenous 
embolic sized particles in significant numbers 
in the arterial and venous blood of human 
subjects. These subjects were not only pa- 
tients with various disease entities, but nor- 
mals from birth to old age. With profuse 
substantiating exhibits, these many different 
types of embolic sized particles are classified. 
Their source, course in the body, and routes 
of elimination are demonstrated. Many dif- 
ferent methods of analysis are utilized includ- 
ing tracer studies. Pub. Aug. ’60, 104 pp., 
12 il., (Amer. Lec. Living Chemistry), $5.50. 


CHEMISTRY OF HEART FAILURE 


By William C. Holland and Richard L. 
Klein, both of Univ. Miss. A concise and 
provocative analysis of the physico-chemical 
mechanism of contraction in the normal and 
failing heart, and the mode of action of digi- 
talis. Excellent for the student, clinician and 
cardiologist who wish to learn of important 
new developments in this field in a few leisure 
hours of reading. The author begins by in- 
troducing the reader to basic thermodynamic 
and chemical considerations of the normal and 
failing heart; these include Free Energy Re- 
lease, Free Energy Utilization and Electrolyte 
Metabolism. The Nature of Congestive 
Heart Failure and the Mode of Action of 
Digitalis are then discussed on the basis of 
the aforementioned considerations. An im- 
portant chapter on the ionic and metabolic 
events accompanying Fibrillation is included. 
Pub. Aug. ’60, 132 pp., 24 il., (Amer. Lee. 
Living Chemistry), $5.50. 


TOWARDS THE DIAGNOSIS OF 
CONGENITAL HEART DISEASE 


By W. Carleton Whiteside, Victoria, B.C. 
Here are the wisest, safest statements arranged 
in as few words as possible for easy reading 
and reference. It is a summary, closely 
screened, of recent, proven authoritative lit- 
erature by those best qualified to write on the 
signs and symptoms of congenital cardiac de- 
fects—a guide to lesions of the youthful heart. 
To those internists, cardiologists and cardiac 
surgeons who wish to make easy reference to 
any lesion of a congenital nature, this volume 
should be of great help. Pub. Oct. ’60, 100 pp.., 


THE SURGICAL TREATMENT OF PORTAL 
HYPERTENSION, BLEEDING ESOPHAGEAL 
VARICES AND ASCITES 


By M. Judson Mackby, Kaiser Foundation 
Hosp., San Francisco. To guide the surgeon 
through the confused tangle of conflicting the- 


_ories and practices, Dr. Mackby presents what 


is probably the first complete manual of prac- 
tical clinical management of the surgical 
complications of cirrhosis—a compendium of 
all that is known, suspected, or inferred about 
this condition. Emphasis is on exact tech- 
nique, including detailed descriptions of the 
various operative procedures currently in use. 
The pathogenesis is summarized together with 
pathological physiology and some of the im- 
portant biochemical features. Illustrated 
with 60 outstanding, original drawings pre- 
pared for this book only by Artist Laurel 
Gilliland. Pub. Sept. ’60, 277 pp., 49 il. (2 full 
color plates), (Amer. Lec. Surgery), $10.50. 


CHARLES C THOMAS °¢ PUBLISHER 301-327 East Lawrence Avenue SPRINGFIELD, ILLINOIS 
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longest 


hypertension 
and edema 


greater loss of sodium 
lesser loss of potassium 


A new antihypertensive-saluretic, 
Hygroton, now enables still more effective 
control of hypertension and edema. 


more evenly sustained therapeutic response 
Because it is more prolonged in action 

than any other diuretic,' Hygroton affords 

a smoother, more evenly sustained 

response. 


more nearly pure natriuretic effect 
Hygroton produces only minimal 
potassium loss . . . affords a better sodium- 
potassium ratio than other saluretics.® 


more liberal diet for the patient 
As a rule, with Hygroton, restriction of 
dietary salt is unnecessary. 


more convenience and economy 

For maintenance therapy three doses per 
week suffice to manage the vast majority 
of cases.? 


in arterial hypertension 

Sustained control without side reactions. 

in edematous states 

Copious diuresis without electrolyte 

imbalance. 


Hygroton®, brand of chlorthalidone: White, 
single-scored tablets of 100 mg. in bottles of 100. 


References: 

C1) Stenger, E. G., et al.: Schweiz. med. Wchnschr. 
89:1126, 1959. (2) Fuchs, M., Res: et al.: Current 
Therap. Research 2:11, January, 1960. (3) 

Ford, R. V.: Manuscript submitted for publication. 


Gainy Geigy, Ardsley, New York HY 234-60 
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A BROAD RANGE OF PRECISION PRODUCTS. 
‘THROUGH D RESEARCH AND DEVELOPMENT 


: ribing the complete 
products is available on Ter, 


CTON, DICKINSON AND COMPANY ‘RUTHERFORD, NEW 
a: BECTON, DICKINSON CANADA, LTD, TORONTO 10, 
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Now—with 


Brand of piminodine ethanesulfonate ethanesulfonate 


relief of severe pain 


without drowsiness or hypnosis 
new approach to “pure” analgesia 


Alvodine, a new potent narcotic analgesic which approaches “pure” analgesia, is 
unique among agents of its class because it is as effective as morphine but does not 
produce drowsiness, hypnosis or euphoria in the great majority of patients.** 


Alvodine is safer than morphine. It is free of both the high incidence and the 
severity of side effects associated with morphine. Respiratory and circulatory depres- 
sion are rare with customary dosages. Nausea and vomiting are uncommon and, 
unlike opiates, Alvodine does not cause constipation. 


In contrast to most other analgesics Alvodine is fully effective when administered 
orally. Injection may be given for quick action or when parenteral use is indicated. 


Alvodine tablets, 50 mg., scored. Average oral dose for adults—from 25 to 50 mg. 
every four to six hours as required. Alvodine ampuls, 1 cc., containing 20 mg. per 
cc. Average subcutaneous or intramuscular dose for adults—from 10 to 20 mg. every 
four hours as required. Narcotic Blank Required. 


*Alvodine, trademark. 
**In more than 90% of patients. 


if 

; 

| 
| 
| 

‘4, 


When Alvodine is particularly useful 
Because Alvodine generally relieves pain without causing a “drugged” condition, 
it is especially useful in those clinical situations in which it is desirable to have the 
patient alert and comfortable. 


Postoperative analgesia 
Alvodine relieves postoperative pain promptly, without any narcotizing effect. 
Because patients remain awake, early and frequent mobilization is possible, and the 
risk of pulmonary hypostasis and venous stagnation is decreased. 


Ambulatory patients 


Because Alvodine does not tend to interfere with mental acuity, it is particularly 
indicated for patients whose pain or disease does not necessitate bed rest. Alvodine 
is effective orally as well as parenterally for visceral pain and pain caused by cancer 
or disorders of the muscular, skeletal or neurologic structures. 


Severe pain from cancer 
When the patient with cancer begins to need strong analgesia, he can take Alvodine 
by mouth. It is as effective as morphine in relieving pain but produces neither 
drowsiness nor euphoria. It permits the patient with cancer to remain alert longer 
and to continue his day-to-day activities longer. 


LABORATORIES 
New York 18. N. Y. 


Write for Alvodine brochure containing detailed information on 
clinical experience, addiction liability, side effects and precautions. 
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THE FACTS ABOUT MER/29 


MER total bod cholesterol 


in 8 out of 10 
—and these are the patients 


most likely to benefit 


your patient with high cholesterol levels... 


MER/29 reduces both serum and tissue cholesterol, irrespective of diet.’ 
In 463 patients, the mean cholesterol was reduced from 324 mg.% to 
253 mg.% — an average decrease of 71 


your patient with angina pectoris... 


concurrent benefits have been reported in some patients receiving 
MER/29. These include decreased incidence and severity of attacks, 
improved ECG patterns, diminished nitroglycerin requirements, and 
increased sense of well-being.’””* 


your patient with postmyocardial infarction... 


while more time is needed’ to determine the over-all prognostic signifi- 
cance, it has been observed that MER/29 “... reduced morbidity and 
mortality rates below those of control series during the first year follow- 
ing coronary thrombosis.” 


your patient with generalized atherosclerosis... 


atherosclerosis “... has been shown to afflict about 77% of American 
males as early as in the 20-to-30 age range.”” With MER/29 you have 
a new, well-tolerated means of lowering cholesterol — which has been 
considered “...the sine qua non of the atheromatous lesion.” 
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compatible with other cardiovascular therapies: MER/29 can be used along 
with other measures to control anxiety, hypertension, obesity, and other conditions 
associated with cardiovascular disorders. These include anticoagulants, nitro- 
glycerin, and PETN. 


safety data: Patients have now been treated with MER/29 for relatively long and 
continuous periods. In no case has there been evidence of serious toxic effects on 
the function of any vital’ organ or system. However, since long-term MER/29 
therapy may be necessary, periodic examinations, including liver-function tests, 
are desirable. Side effects (mausea, headache, dermatitis) are rare and have usually 
been associated with dosages greater than those recommended for effective therapy. 


contraindication: Pregnancy. Since MER/29 inhibits cholesterol biosynthesis, and 
cholesterol plays an important role in the development of the fetus, the drug 
should not be administered during pregnancy. 

supplied: Bottles of 30 pearl gray capsules. 


.the first cholesterol-lowering agent to inhibit the formation of excess 
cholesterol within the body, reducing both tissue and serum cholesterol 


.no demonstrable interference with other vital biochemical processes 
reported to date 


. convenient dosage: one 250 mg. capsule daily before breakfast 


.. toleration and absence of toxicity established by 2 years of clinical 


(triparanol ) 


investigation 


MER/2 


References: 1. Hollander, W., and Chobanian, A. V.: Boston M. Quart. 10:37 (June) 1959. 
2. Oaks, W., and Lisan, P.: Fed. Proc. 18:428 (Mar.) 1959. 3. Oaks, W. W., et al.: 
A. M.A. Arch. Int. Med. 104:527 (Oct.) 1959. 4. Lisan, P.: Proceedings, Conference on 
MER/29, Progr. Cardiovasc. Dis. 2:(Suppl.)618 (May) 1960. 5. Oaks, W. W.: lbid., 
p. 612. 6. Hollander, W., et al.: Ibid., p. 637. 7. Halperin, M. H.: Ibid., p. 631. 8. Toro, J.: 
Ibid., p. 544. 9. Morrison, L. M.: J.A.M.A. 173:884 (June 25) 1960. 
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a new agent to lyse thrombi 


LYOVAC® FIBRINOLYSIN (HUMAN) 


Effect on intravascular thrombi 


Effect on pulmonary emboli 


Effect on duration of 
illness and convalescence 


Frequency and severity 
of postphlebitic syndrome 


Clot may form 
permanent 
obstruction to 
blood flow. New 
clots may form. 


Sudden death from 
pulmonary embolism 
is an ever-present 
hazdrd. One or more 
nonfatal pulmonary 
emboli may result in 
irreversible lung 
damage or secondary 
pneumonia. 


Weeks of 
hospitalization or 

bed rest at home are 
commonly required 

in the management 

of thrombophlebitis, 
phlebothrombosis, 
pulmonary embolism, 
and arterial thrombosis. 


Chronic leg swelling, 
severe secondary 
varicose veins, and 
leg ulcers are 
common sequelae. 
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In thrombophlebitis, phlebothrombosis, pulmonary embolism, and certain 

arterial thrombi*, THROMBOLYSIN makes possible 

- lysis of formed clots « reduced mortality and morbidity, shortened hospitalization 
- reduced incidence of postphlebitic complications 

usually fewer severe untoward reactions, such as fever, chills, or malaise; 

higher degree of safety; greater, more predictable potency. 


Supply : Each vial contains 50,000 MSD units. 
*Arterial thrombosis with the exception of cerebral or coronary thrombosis. 


Recently formed intra 
vascular clots are usu- 
ally lysed rapidly and | 
the formation of new 

clots may be inhibited. 
Circulation is usually | 
restored and main- 
tained, with rapid 

symptomatic relief. 


Anticoagulants 
cannot remove 
formed clot. 
However, they may 
help prevent its 
extension and may 
minimize formation 
of new clots. 


The incidence and 
severity of pulmonary 
emboli should be 
greatly reduced since 


The careful use of 
anticoagulants may 


reduce the 
THROMBOLYSIN may 
occurrence of dissolve thrombi 
pulmonary emboli. before they can 
become emboli. 
| 
A reduction ma 
Thromboembolic be | 
in the duration 
of hospital stay, 
may be shortened. bed at and . 
convalescence. 
| 
| 
The incidence and “Y Postphlebitic | 
severity of the complications may 
postphlebitic be prevented or 
syndrome may be minimized. I 
reduced. | 


iQ) For additional information, write to Professional Services, Merck Sharp & Dohme, West Point, Pa. 
MERCK SHARP & DOHME, DIVISION OF MERCK & CO., Inc., WEST POINT, PA. 


THROMBOLYSIN IS A TRADEMARK OF MERCK & CO., INC. 
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Why many doctors 
the dietary control 


Effect of Dietary Fat 


A wide variety of diet plans have been used 
— carefully controlled liquid formulas as 
the sole food, selected fats added to a low- 
fat basal diet, or ‘normal diets” in which 
the only change has been in the selection of 
foods so that the ratio of polyunsaturated 
to saturated fats is increased. In general, 
diets rich in polyunsaturated fatty acids 
have appeared to be more effective in low- 
ering serum cholesterol levels than are low- 
fat (high carbohydrate) diets. The ratio 
of polyunsaturated to saturated fatty acids 
seems to be one of the determining factors: 
the cholesterol level is lower when a poly- 
unsaturated vegetable oil is the predomi- 
nant fat in the diet. 
SELECTED BIBLIOGRAPHY: Abrens, E. H., Jr., J. Hirsch, 
W. Insull, Jr., T. T. Tsaltas, R. Bloomstrand, and 
M. L. Peterson, J. Am. Med. Assoc. 164, 1950-11 (1957). 
Beveridge, J.M.R., Am. J. Public Health 47, 1370-80 (1957). 
Keys, A., J. T. Anderson, and F. Grande, 
Circulation 19, 201-14 (1959). 
Kinsell, L.W.,G.D. Michaels, and J. P. Dailey, Circulation 16, 


479-80 (1957). Malmros, H., and G. Wigand, 
Lancet 273, 1-8 (1957). 
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Suggestions for Practical Diets 


Research on the relationship of dietary fats 
to human serum cholesterol values has led 
to the conclusion that the effect must be 
ascribed to a change in the nature of the 
dietary fat—in particular, to a change in 
the ratio of polyunsaturated to saturated 
fats. Data so far reported support the hypo- 
thesis that there is an optimum ratio of 
polyunsaturated to saturated fats in diets 
for cholesterol control. 


SELECTED BIBLIOGRAPHY: Kinsell, L.'W., 

G. D. Michaels, R. W. Friskey, and S. Splitter, 

Lancet 274, 334-9 (1958). Ahrens, E. H., Jr., J. Hirsch, 
M. L. Paterson, W. Stoffel, and J. W. Farquhar, 

J. Am. Med. Assoc. 170, 2198-9 (1959). Keys, A., J. T. 
Andrews, and F. Grande, Circulation 19, 201-14 (1959). 


How Mazola® Corn Oil May 
Help in Dietary Control 


of Hypercholesterolemia 

Sensible precautions recommended by 
many leading medical authorities are: 1) 
control of total caloric intake to avoid 
obesity, 2) limitation of total fat intake to 
about % of the total calories, and 3) sclec- 
tion of foods such that about ¥ to % of the 
fat be polyunsaturated. In the simplest 
terms, these suggestions mean use of a poly- 
unsaturated vegetable oil such as Mazola 
Pure Corn Oil in place of more saturated 
cooking fats. 

Mazola Corn Oil has a uniformly high 
linoleate content and a ratio of linoleate 
to saturates which is consistently highcr 
than in other commonly available edible 
oils. Thus, where dietary control of serum 
cholesterol is indicated, Mazola Corn Oil 
is second to none among the leading oils in 
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recommend corn oil for 
serum cholesterol? 


recognized effectiveness...readily available 
at standard prices, and instantly acceptable 
by your patient. 

This diet modification has the added ad- 
vantage that it is adaptable to family eat- 
ing habits. All members, including the 
hypercholesterolemic patient, may enjoy 
the same foods. Thus food preparation is 
simplified and patient morale is improved. 


Free Diet Guide 

The latest addition to the literature Corn 
Products Company offers for your service 
is an authoritative up-to-date meal plan- 
ning guide, ‘‘Cooking for Health with 
Mazola Corn Oil,” which is available for 
your patient’s use on your recommenda- 
tion. It clearly explains the relation of diet 
to cholesterol control and lists the caloric 
value of most common foods in terms of 
saturated vs. polyunsaturated fats. . 

A copy of this diet guide and a supply of 
cards to be used by your patients for order- 
ing a copy upon your recommendation may 
be had by filling in the coupon. 


Name 


OF ALL LEADING BRANDS, 
ONLY MAZOLA IS CORN OIL! 


CORN PRODUCTS COMPANY MA 
9 East 55th Street, New York 22, New York 


Please send me a copy of “Cooking for Health 
with Mazola Corn Qil,” and a supply of order 
cards for my patients. 


KEY FACTS 
ABOUT MAZOLA CORN OIL 


MAZOLA Corn Oil has the following 
average composition 


% ~ 4 Grams/ 
Glycerides of Fatty Acids _ weight | tablespoon 
Unsaturates, Total. . . 85 (82-87) 11 
Linoleates....... 54 (52-56) 7 
Saturates, Total. . . . .11 (9-12) 1.4 
Natural Sitosterols. . . . 1(0.9-1.3) 0.14 
Natural Tocopherols... about0.1{| 0.015 
Cholesterol. ....... None None 
Salt (Sodium Chloride). . None None 
125 
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CAMBRIDGE 


FOR PHYSIOLOGICAL RESEARCH, CARDIAC CATHETERIZATION 
AND ROUTINE ELECTROCARDIOGRAPHY 


Versatile and comprehensive, this series of new multi-channel recorders pro- 
vides simultaneous indication and recording of EKGs, EEGs, stethograms, 
peripheral pulse waves, EK Ys, BCGs, pneumograms, intra-vascular and intra- 
cardiac blood pressures, blood pH, dye dilution curves and blood oxygen 
concentration. Various combinations of these functions can be traced simul- 
taneously on a single record. 


TWO BASIC MODELS ARE AVAILABLE: 


: } 1. PHOTOGRAPHIC RECORDING: Preferred where 
high frequency recording is required. The instru- 
ment illustrated is a four-channel recording model 
with a two-gun monitoring oscilloscope. The upper 
trace indicates the variations in atrial pressure and 
the lower trace the pulmonary artery pressure. Any 
two channels may be monitored simultaneously with 
2 or without simultaneous recording on all channels. 
Four-gun Monitoring Oscillograph can also be fur- 
nished. Available in 2 to 8 channels. 


( af : } 2. DIRECT WRITING: Desirable where the phenom- 
3 ' : ena to be recorded are of medium and low frequency. 
All component parts are indentical to those used in 

the Photographic Model except that the recording 

is done by direct-writing galvanometers, rather than 

photographically. Available in 2, 3, or 4 channels. 


All tracings, Photographic or Direct-Writing are 
: clearcut and accurate. Precise time and amplitude 
a lines insure exact measurements of all tracings. 
Blood pressure variations, converted to electrical 
quantities by means of a pressure transducer, may 
be accurately measured and recorded without use 
of an external mercury manometer for calibration. 
The recording of instantaneous and average blood 
pressures is accomplished directly by operation of 
a single switch, thus eliminating time taking calcu- 
lations. 
We would be pleased to furnish additional infor- 
mation on the unique features of these fine instru- 
ments. 


Multichannel Photographic Recorder with Monitor 


CAMBRIDGE INSTRUMENT CoO., INC. 
Graybar Bldg., 420 Lexington Avenue, N. Y. 17, N. Y. 


Cleveland 15, Ohio Detroit 2, Mich. Oak Park, til. Philadelphia 4, Pa. Silver Spring, Md. 
1720 Euclid Avenue 7410 Woodward Avenue 6605 West North Avenue 135 South 36th Street 933 Gist Avenue 


PIONEER MANUFACTURERS OF THE ELECTROCARDIOGRAPH 
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benefits 
edema, 


patient with congestive heart failure; ascites 
and 4+ edema to the knee 


hypertension 
plus built-in 

prot ection 


Photos used with permission of the pati 


NEW 


ESIDRIX-K 


New ESIDRIX-K provides all the oral diuretic-antihypertensive advantages of ESIDRIX, plus a 
generous potassium supplement. ESIDRIX produces marked excretion of salt and water in 
edematous patients, and in many hypertensive patients significantly reduces blood pressure, 
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Introduction 


HERE is no greater need for a sensitive team 
_ effort in any medical endeavor than in the 
field of cardiac surgery. We are dealing with 
patients who often exhibit major circulatory 
inadequacies. We can afford few, if any, mis- 
takes. (It is axiomatic in all medicine that the 
knowledge and skill of the physician carries 
much more weight than the particular drugs or 
methods used.) Therefore, the liaison between 
the cardiologist and the anesthesiologist should 
be a very intimate one. In some instances this 
is not so, which is merely evidence to support the 
fact that too frequently we do not take the time 
to view the patient’s responses under a different 
set of circumstances. To cite a specific ex- 
ample: the cardiologist may prescribe digitalis 
for his patient, and he may believe that the 
patient’s needs have been satisfied. Is this 
supposition valid when alterations are imposed 
by the surgeon’s manipulations and the an- 
esthesiologist’s drugs? This question can only 
be answered satisfactorily if the cardiologist has 
been observing the patient’s responses in the 
operating room and during the immediate post- 
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operative period. Armed with this information 
and a knowledge of what the anesthesiologists 
do to patients to make surgery possible, the cardi- 
ologist can be in a better position to prepare his 
patient for surgery and to keep him well after- 
ward. 

The purpose of this symposium is to present 
the views of several anesthesiologists who have 
had a wide experience with the administration of 
anesthesia in cardiac surgery. We have studi- 
ously avoided the type of article in which we 
merely say, “This is how I put my patients to 
sleep.” Rather, we have chosen to present 
material which relates more of what happens to 
patients when we administer certain drugs and 
perform certain anesthetic manipulations. It is 
our hope that the cardiologist may, therefore, 
be more familiar with the stresses imposed by 
surgery and anesthesia, and thus be in a better 
position to offer the maximum “‘medical”’ con- 
trol of the patient. 

SEYMOUR SCHOTZ, M.D. 
Presbyterian Hospital 
Philadelphia, Pennsylvania 


lise 
re 
© 
| 
yah. 
We 
ach 
Be 
y 


Effects of Anesthesia upon the Heart 


BENJAMIN ETSTEN M.D., and Tsunc H. Lt, m.p. 


Boston, Massachusetts 


NESTHETIC agents may have a direct 
A effect upon the heart, the peripheral 
vascular bed, or the cardioregulatory mech- 
anisms. The effects of anesthetic technics on 
myocardial function may be indirectly related 
to a decrease in oxygen tension and to a change 
in alveolar ventilation causing respiratory 
acidosis! or alkalosis.2 Occasionally, surgery 
does further complicate these effects by traction 
reflexes’ and acute blood loss. 

Commonly used anesthetic agents such as 
ether, cyclopropane, thiopental and _ nitrous 
oxide may cause myocardial depression. Most 
of the literature relating the direct effect of 
anesthetic agents upon the heart has been based 
upon investigations on animals, particularly on 
the heart-lung preparation. At present, there 
is very little direct evidence that anesthetic 
agents cause myocardial depression of the 
normal human heart at surgical levels of 
anesthesia. Thiopental® and cyclopropane,® 
for example, may alter the function of the 
cardioregulatory mechanisms, thus indirectly 
affecting myocardial function. Undoubtedly, 
the direct effect of an anesthetic agent upon the 
heart will be related to the concentration of the 
agent in the blood, particularly when it is 
greater than needed to provide moderate levels 
of surgical anesthesia. However, during light 
levels the effects on cardiac function will vary 
according to the predominant effect of a specific 
anesthetic agent upon the central or autonomic 
nervous system, hormonal liberation, ganglionic 
transmission, or peripheral vascular bed. 


DieTHYL ETHER 


Myocardium: Earlier investigators assumed 
that ether caused direct stimulation of the 
heart.’?- Studies of the effects of varying con- 
centrations of ether using cats,*® isolated hearts 
of cold-blooded animals® and heart-lung prep- 


aration of dogs®: indicated either a depression 
of myocardial function, ventricular dilatation, 
or a failing heart. Recently, Brewster et al." 
have presented indirect evidence that myo- 
cardial depression during ether anesthesia in 
dogs was combatted by the increased release of 
epinephrine. However, other workers dem- 
onstrated that norepinephrine and not epi- 
nephrine was primarily increased during ether 
anesthesia in man.” Presumably, the positive 
inotropic action of the increase of plasma or 
myocardial norepinephrine overcomes the myo- 
cardial depressant effect of ether. 

Boniface et al.’* determined the contractile 
force of the ventricle by means of an arch strain 
gauge sutured to the ventricular surface of the 
dog’s heart and reported a progressive decrease 
of ventricular contractile force with increasing 
levels of ether anesthesia. Recent studies in our 
laboratory have confirmed these results (Fig. 1). 

Cardiohemodynamics: The central venous and 
pulmonary artery pressures were increased 
during ether anesthesia in man.'*6 These 
findings were consistent with the myocardial 
depression observed in dogs during ether 
anesthesia with both right and left atrial 
pressures increased.!! 

Cardiac output may increase or decrease in a 
failing heart,’ while its determination alone 
does not indicate the functional cardiac status. 
The circulatory effects of ether anesthesia in 
man may vary from patient to patient. Cardiac 
output may be increased or decreased, but the 
stroke volume is consistently decreased during 
ether anesthesia (Fig. 2).'8 

Presumably, these circulatory changes are 
influenced by variations in the liberation of 
norepinephrine during ether anesthesia. The 
increase of norepinephrine concentration may 
vary from patient to patient and thus account 
for the variations in the cardiac output. In 


From the Anesthesia Research Laboratory, Pratt Clinic-New England Center Hospital, and Tufts University 
School of Medicine, Boston, Massachusetts. This report is based, in part, on studies supported by research grant 
No. H-1711 from the National Heart Institute, U. S. Public Health Service. 
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ETHER 
FORCE (gm) 

FAP (mmHg) 


Min. ° 3 7 2 


Fic. 1. A representative tracing of the influence of inhalation of a high concentration of ether added to the inspired 
oxygen (5 ml. of ether in rebreathing bag) upon the ventricular contractile force (upper tracing), pulmonary artery 
pressure (P.A.P.) (middle tracing) and femoral artery pressure (F.A.P.) (lower tracing). The animal was intubated 
and catheterized under the influence of a muscle relaxant without the use of a narcotic or general anesthetic. The 
blood gases were kept within physiologic limits by maintaining alveolar ventilation by means of a constant volume 
and rate ventilator. The changes after the administration of ether were compared to the previously described control 
state. 


view of this, ether is contraindicated in patients cent fluothane with oxygen, while inspired 
who have received such drugs as reserpine, | concentrations above 2 per cent usually cause 
which depletes the stored norepinephrine in _ circulatory depression.*® 


the myocardium.'*:® Ether causes circulatory Myocardium: There are conflicting reports 
depression in patients with myasthenia gravis, concerning the direct effect of fluothane upon 
adrenal insufficiency, or hypovolemia. _ the heart. A study of these effects in man 


These experimental data indicate that ether — was made before and after sympathetic blockade 
is primarily a myocardial depressant. However, caused by Arfonad® or spinal anesthesia.” 
there is a wide margin between the concen- The fall of blood pressure and cardiac output 
tration required to produce respiratory failure was greater when the sympathetic nervous 
and that required to produce myocardial system had been previously inactivated. Cen- 
failure. In addition, its depressive effect upon tral venous pressure was elevated and left 
the heart is indirectly overcome by the positive ventricular stroke work decreased in the un- 
inotropic action of the liberation of catechol- blocked subjects. These findings were pre- 
amines and possibly the influence of other sented as evidence of myocardial depression. 
endogenous substances such as f-palmitoyl! | However, Sarnoff and Berglund®’ have shown 


lysolecithin.”! that it is necessary to relate left ventricular 
stroke work with the mean left atrial pressure 

HALOTHANE (FLUOTHANE) and right ventricular stroke work with the 

In 1956, Reventos” synthesized a series of | mean right atrial pressure. Recent studies in 
fluorinated hydrocarbons and found that fluo- _—_ our laboratory®* on the effect of fluothane on 
thane (CF:,CHCIBr) had potent anesthetic ventricular function in the intact dog dem- 
properties. This agent has twice the po- onstrated that right and left ventricular function 


tency of chloroform and four times that of curves were not significantly changed during 
ether.¥:4 Surgical anesthesia is readily ob- light fluothane anesthesia. However, the slopes 
tained by the administration of 0.5 to 2 per _ of the left and right ventricular function curves 
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Fic. 2. The cardiac output (A), stroke volume (B) and heart rate (C) were determined in five 
surgical patients (premedicated with nembutal and scopolamine) before and during ether anes- 


thesia (EEG level III to IV) prior to operation. 


The per cent changes during ether anesthesia 


referred to the control values obtained prior to anesthesia; each patient served as his own control. 


were depressed and shifted to the right, indicat- - 


ing myocardial depression during inhalation of 
2 per cent fluothane (Fig. 3). 
Cardiohemodynamics: Hypotension frequently 
occurs during deep fluothane anesthesia. There 
was no significant change in the cardiac out- 
put.” The most significant change in arterial 
blood pressure during fluothane anesthesia 
was the reduction of pulse pressure which was 
related to the greater fall of the systolic blood 
pressure than the diastolic.*® Johnstone” 
explained that hypotension was caused by 
depression of sympathetic activity. Brennan 
et al.** considered hypotension the result of 
inhibition of sympathetic activity with ac- 
tivation of cardiovascular parasympathetic in- 
nervation. Burn et al.” performed canine 
experiments to determine the action of fluothane 


on cardiac output and ganglionic activity. 
They concluded that the ganglionic blocking 
action of fluothane could not account for its 
hypotensive effect. This was further confirmed 
by Hale Enderby.* Recently, Burn*+ ‘has 
provided experimental evidence of its anti- 
adrenalin dilator action which relaxes the 
smooth muscle in the wall of blood vessels, thus 
causing hypotension. 

Price et and Abajian et observed 
that bradycardia was associated with the 
hypotension and was readily reversed by 
atropine.”> This was attributed to an increase 
in parasympathetic tone.*® 

The administration of inspired concentrations 
above 2 per cent invariably caused circulatory 
depression. The concentration of norepi- 
nephrine was found to be inconsistently in- 
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Fic. 3. Ventricular function curves were obtained in intact, non-anesthetized curarized dogs 
before and during fluothane anesthesia (inspired concentration 0.5 per cent and 2.0 per cent). 


creased in the plasma during fluothane anes- 
thesia in man.” Unlike with ether anesthesia, 
myocardial function during fluothane anesthesia 
is not supported by the liberation of catechol- 
amines. Most likely the hypotension associated 
with the administration of more than 2 per 
cent of inspired fluothane is caused by myo- 
cardial depression, and with inspired concen- 
trations of less than 2 per cent, the hypotension 
results from the anti-adrenaline dilator action 
of the drug upon the smooth muscle of the blood 
vessels. 


SPINAL ANESTHESIA 


There is no evidence that this type of an- 
esthesia has any direct effect on the heart. 
Myocardial function may be indirectly affected 
during spinal anesthesia. Its effect on the 
circulation is related to the block of the pre- 
ganglionic sympathetic fibers. Hypotension 
frequently occurs during high spinal anes- 
thesia and can also occur during low levels 
according to the extent of sympathetic blockade. 
This hypotension may be caused by a reduction 
of either the total peripheral resistance or the 
cardiac output, or both. Most investigators***7 
concur that the paralysis of the sympathetic 
vasoconstrictor fibers to the arterioles, capillaries 
and veins results in a decrease in total peripheral 
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resistance and an increased capacity of the 
peripheral vascular bed in the anesthetized 
areas. It is generally accepted that the post- 
arteriolar bed (the area between the distal 
ends of arterioles and the collecting venules) 
is most profoundly affected. Presumably, the 
precapillary sphincters relax, the number of 
patent capillaries increases and more blood 
enters the postarteriolar bed via the capillaries, 
thus causing a greater arteriovenous oxygen dif- 
ference. It has also been reported** that the 
tonic constrictor impulses to the veins are 
blocked by spinal anesthesia causing venous 
dilatation. Therefore, the decreased venous 
return to the heart and the fall in cardiac 
output may be secondary to the relaxation of 
venous tone. Other investigators have dem- 
onstrated a correlation between decrease of 
arterial blood pressure and decrease in cardiac 
output.*®4° Under these conditions the reduc- 
tion in cardiac output may be caused by the 
decrease in either stroke volume or heart rate 
and may occur during low as well as high levels 
of spinal anesthesia. These changes are more 
apt to occur with the rapid onset of high spinal 
anesthesia. 

A sensory level (T;) of spinal anesthesia was 
obtained over a twenty-minute period.“ Stroke 
volume remained unchanged, heart rate in- 
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C.1. H.R. PmA TPR 
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cm 


2.76 66 42 108 1600 7.95 
3.53 86 4! 83 950 7.82 
(+ 28%) (+30) (-23%) (-40%) 


Fic. 4. A representative experiment in a study of the cardiohemodynamics before and after slowly induced high 
level of spinal anesthesia (sensory level T;) in a fifty-six year old man weighing 84kg. C.I. = cardiac index; H.R. = 
heart rate; S.V.I. = stroke volume index; PmA = mean arterial pressure; TPR = total peripheral resistance; 


L.V.W. = left ventricular work. 


creased from 66 to 86 beats per minute and 
cardiac output increased 28 per cent (Fig. 4). 
Mean arterial blood pressure fell 23 per cent. 
The hypotension here was caused by reduction 
of the total peripheral resistance. Presumably, 
the preganglionic sympathetic cardioaccelerator 
fibers (T,; to T,) were not blocked and the 
increase in heart rate was responsible for the 
increase in cardiac output. In other instances, 
when high spinal anesthesia (T; to T;) was 
induced quickly, the hypotension was correlated 
with a reduction of cardiac output and decrease 
of the heart rate. The rate of onset of the 
sympathetic blockade may be one of the 
dominant factors in causing a_ precipitous 
decrease in mean arterial blood pressure during 
spinal anesthesia. There are other factors 
such as hypovolemia, vasomotor instability, 
cachexia and extremes of age that predispose 
to the circulatory depression effected by sympa- 
thetic blockade. 


THIOPENTAL SODIUM 


Myocardium: There is no direct evidence 
that moderate surgical levels of thiopental 
anesthesia cause myocardial depression in 
normal human subjects. The assumption that 
barbiturate anesthesia causes myocardial depres- 
sion is based upon experimentation with animals, 
primarily with heart-lung preparations of 


dogs. Prime and Gray,” working with heart- 
lung preparations of dogs, reported that thi- 
opental sodium depressed myocardial activity. 
Price and Helrich,‘ also using dogs’ heart- 
lung preparations, observed a 32 per cent 
depression of myocardial activity with a con- 
centration of thiopental of 2.2 mg./100 cc. 
They noted that this decrease was significantly 
lower than the per cent of depression of myo- 
cardial activity for cyclopropane, ether, or 
nitrous oxide anesthesia. The barbiturates 
apparently will depress myocardial function 
particularly when the heart is dissociated from 
the influence of circulating catecholamines and 
other regulatory mechanisms. 
Cardiohemodynamics: There is almost complete 
unanimity of opinion that cardiac output is 
progressively reduced with increasing depth of 
thiopental anesthesia in man (Fig. 5).5: 15. 43. 44 
The central venous pressure is not elevated.*® 
Reduction of cardiac output parallels reduction 
in stroke volume and intrathoracic blood 
volume. There is a positive correlation be- 
tween decreased cardiac output and decreased 
intrathoracic blood volume (correlation coeffi- 
cient = +0.703) and between decreased 
cardiac output and decreased stroke volume 
(correlation coefficient = +0.0860).5 Thio- 
pental anesthesia causes a redistribution of the 
circulating blood volume and pooling in the 
peripheral vascular bed.**-*! These changes 


THE AMERICAN JOURNAL OF CARDIOLOGY 


| 
by 
cy 
He 
fs 
: 
ne 
“4! 
ue { 


Effects of Anesthesia upon Heart 711 


+10- 


-30- 
-60 4. 
RESTING HYPNOSIS LEVEL 1-2 LEVEL 3-5 
STATE 


SURGICAL ANESTHESIA 


Fic. 5. Cardiac index: the per cent changes of the 
cardiac output are plotted against the specific levels of 
thiopental anesthesia in eighteen human subjects prior 
to surgery. The per cent changes referred to the values 
obtained during the resting state. 


may be the result of the blockade of the’ vaso- 
constrictor fibers by thiopental.*® 

There is a similarity of the cardiohemo- 
dynamic changes produced by thiopental an- 
esthesia and spinal anesthesia. The rapid 
intravenous administration of thiopental to 
patients under high spinal anesthesia may 
cause an acute circulatory depression because 
of the additive effects on the peripheral vascular 
bed, venous return to the heart and cardiac 
output. The concentration of the catechol- 
amines in the plasma is not increased during 
thiopental anesthesia in man; it has very 
little effect upon sympathetic nervous activity 
in contrast to ether or cyclopropane. 


CyYCLOPROPANE 


The concept that cyclopropane exerts both 
parasympathomimetic and sympathomimetic 
effects was evolved from the observation that the 
slowing of the heart rate can be accounted for 
by the increase of vagal tone and the increase 
of the central venous pressure, pulmonary artery 
pressure, total peripheral resistance and arterial 
blood pressure can be explained by the increase 
in circulating catecholamines, particularly nor- 
epinephrine. Subsequently, direct measure- 
ment” revealed that plasma norepinephrine 
was increased during cyclopropane anesthesia. 


OCTOBER 1960 


These findings serve as a basis for re-evaluation 
of the influence of cyclopropane upon the heart 
and circulation. 

Myocardium: The belief that cyclopropane 
anesthesia depresses the myocardium was based 
on a number of investigations of animals.*:!°.* 
One of the earlier investigators reported a 
decrease of the cardiac reserve with a concen- 
tration of cyclopropane of less than 15 per cent 
by relating the venous pressure to the aortic 
pressure in dogs.** Others used ventricular 
volume as a measure of myocardial depression 
in the heart-lung preparation and observed 
that cyclopropane in anesthesia ranges caused a 
dilatation of the heart." The mechanical 
ability of the heart was calculated in a dog’s 
heart-lung preparation, and it was estimated 
that the myocardium was depressed 54 per 
cent with concentrations of cyclopropane of 
15 mg./100 cc.* 

Recently, the right and left ventricular 
function curves were determined in non- 
operated intact dogs with the blood gases 
maintained at normal levels before and during 
cyclopropane anesthesia. Both the right and 
left ventricular function curves were not 
significantly shifted from the control levels 
during cyclopropane anesthesia (‘slood level of 
8 to 10 mg. per cent) (Fig. 6). In the intact 
canine heart under the influence of the reg- 
ulatory mechanisms, endogenous circulating 
catecholamines and normal body temperature, 
and with physiological levels of arterial oxygen 
saturation, pH and pCOzs, there is no evidence 
of myocardial depression during light cyclo- 
propane anesthesia. It was also demonstrated 
in man that the end-diastolic right ventricular 
pressure was unchanged during cyclopropane 
anesthesia. ® 

Heart Rate and Rhythm: Meek, Hathaway and 
Orth®* first reported that cyclopropane in- 
creased the irritability of the automatic heart 
tissue. Kurtz, Bennett and Shapiro®® de- 
scribed the incidence and types of cardiac 
arrhythmias occurring during cyclopropane 
anesthesia in man. Based on these observa- 
tions and other reports concerning arrhythmias 
during cyclopropane anesthesia, some clinicians 
are prejudiced against its use, believing that 
it should not be administered to patients with 
heart disease because it causes arrhythmias.*” 
However, Johnstone®® has shown these 
arrhythmias are related to deep levels of cyclo- 
propane anesthesia and carbon dioxide re- 
tention. Recently, Lurie et al.*® showed that 
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Fic. 6. Ventricular function curves of the right and left ventricles obtained during the non-anes- 
thetized state are compared with those obtained during light and deep cyclopropane anesthesia 
in dogs. Control (a): before cyclopropane; control (b): after cyclopropane. 


the appearance of arrhythmias was definitely 
related to the elevation of both the arterial 
pCO, level and cyclopropane concentration in 
the arterial blood. They also observed that 
cyclopropane and pCQz levels at which ar- 
rhythmias appeared varied from patient to pa- 


tient. Most likely the decrease in alveolar venti- 
lation causing an increase of arterial pCO: is 
mainly responsible for most of the arrhythmias 
encountered during this anesthesia. In a study 
determining the operative risk of 517 patients 
with coronary heart disease, cyclopropane 
anesthesia was administered to 54 per cent of 
them; ether, thiopental, nitrous oxide oxygen 
and spinal anesthesia were administered to the 
remaining 46 per cent. There was no statistical 
difference in the mortality rate in regard to 
the anesthetic agent. In our experience the 
only contraindication to the use of cyclopropane 
in patients with heart disease is the presence of 
complete heart block. 

The heart rate decreases during surgical 
levels of cyclopropane anesthesia when opiates 
are used for premedication. In non-premedi- 
cated patients the heart rate remains either 
unchanged or slightly increased. 

Cardiohemodynamics: ‘The cardiac output was 
reduced 12 to 18 per cent during the light level 
of cyclopropane anesthesia in twenty-three 


of thirty patients premedicated with morphine 
and scopolamine (Table 1).°°* The cardiac 
output was either unchanged or increased in 
the remaining seven patients.” During the 
deeper levels of anesthesia the cardiac output 
returned to the control level. During the light 
levels of cyclopropane anesthesia reduction of 
the heart rate was responsible for the decrease of 
cardiac output since the stroke volume remained 
unchanged. However, in the deeper levels, 
the increase in cardiac output was related to the 
increase in stroke volume. ‘These changes may 
be explained by the increase of plasma norepi- 


TABLE I 


Hemodynamic Changes during Cyclopropane 
Anesthesia 


Premedication 


Chlor- Morphine- 
promazine | Scopolamine 


(%) (%) 


Cardiac output +7 —18 
Heart rate —7 —17 
Arterial mean pressure +11 +17 
Total peripheral +12 +46 

resistance 
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Fic. 7. Average changes in the cardiohemodynamics 
were obtained in twenty subjects during cyclopropane 
anesthesia (level III, cyclopropane concentration 10 to 
15 mg. per cent). Two groups of data were classified 
according to the level of arterial pCO,: one group with 
a mean pCO, of 40 mm. Hg compared with the other 
group with a mean arterial pCO, of 63 mm. Hg. 
Statistical analysis revealed no significant difference 
between the two groups. 


nephrine. In the nonpremedicated patients® 
and in patients premedicated with chlorprom- 
azine™ the cardiac output was either unchanged 
or increased during all levels of cyclopropane 
anesthesia. 

The central venous pressure®™ ®. 6 and the 
pulmonary arterial pressure®4 are increased 
during cyclopropane anesthesia. These changes 
may be partially correlated with the increase 
in the arterial pCO. Surgical levels of cyclo- 
propane anesthesia with opiate or barbiturate 
premedication will cause a decrease in alveolar 
ventilation with an increase in arterial pCOs. 
Although arterial blood pressure frequently 
increases, there is no correlation between its 
elevation and the arterial pCO: (Fig. 7). 
The rise in blood pressure may be caused by the 
increase of the plasma catecholamines or the 
excitatory effect upon the hypothalmic area. 


SUMMARY 


The direct and indirect effects of anesthetic 
agents and technics upon the heart are evalu- 
ated herein. There is very little evidence that 
cardiac function is depressed during light and 
moderate levels of anesthesia in the normal 
human subject. However, myocardial de- 
pression may occur during the deeper levels 
of anesthesia or when associated with other 
stresses such as anoxia, hypercarbia, hypoten- 
sion and impaired adrenal function, or after the 
administration of other circulatory depressant 
drugs such as reserpine. 
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The ability of a cardiac patient to withstand 
anesthesia is directly related to his cardiac 
reserve and other disease conditions. Generali- 
zations contraindicating the use of any one anes- 
thetic drug are unwarranted. The choice of 
anesthetic agent is entirely dependent upon 
evaluation of the individual patient and the 
ability of the anesthesiologist to maintain blood 
gases (oxygen saturation, pH and pCOz) 
within physiologic levels during light anesthesia. 
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Physiologic Concepts in Management of 


Anesthesia in the Patient Undergoing 


Cardiovascular Surgery’ 


BENJAMIN E. MARBuRY, M.D. and JosEPH F. ArtTusio, JR., M.D. 


New York, New York 


E PATIENT undergoing surgical correction 
5 be an acquired or congenital cardiac defect 
demonstrates many problems in diagnosis, 
management and preparation for operation. A 
group of surgeons, cardiologists, pediatricians, 
radiologists, anesthesiologists and medical per- 
sonnel of the cardiopulmonary laboratory is 
called upon to study the patient prior to surgical 
intervention. Accurate diagnosis of the exact 
cardiac lesion before operation is essential. 
The patient should also be given the added 
advantage of the best possible state of cardiac 
compensation by the preoperative employment 
of an optimal medical regimen. These com- 
pensations are prerequisites for the successful 
surgical correction of cardiac defects without 
undue mortality. 

These patients may be separated into two 
distinct groups: those undergoing cardiac sur- 
gery in which the patient maintains his own 
circulation and ventilation and those patients 
who are maintained on partial or total cardio- 
pulmonary bypass by the use of a pump-oxy- 
genator as an extracorporeal mechanism to 
maintain perfusion during surgery. In this 
clinic the first group includes patients who have: 
(1) closed mitral valvulotomy for mitral steno- 
sis, (2) repair of coarctation of the aorta, (3) 
resection of aneurysms of the aorta and (4) 
correction of patent ductus arteriosus. In 
the second group, in which the pump-oxy- 
genator is used for total or partial bypass 
perfusion, the cardiac lesions are attacked under 
direct vision. Examples in this group are the 
patients being treated for an atrial septal defect, 
ventricular septal defect and/or valvular lesions 
of the aortic, mitral or tricuspid valves. 


INDUCTION OF ANESTHESIA 


The patients are known to the anesthesiolo- 
gist by means of the presurgical conference and 
a preoperative visit. Preanesthetic medication 
is held at a minimum and only atropine is used 
in those patients undergoing correction of 
acquired cardiac lesions. In this group of 
patients, the preoperative medication consists 
of a small dose of belladonna, the average 
adult dose being 0.2 mg. of atropine sulfate. 
Patients with congenital heart disease are 
given an appropriate dose of a short-acting 
barbiturate for psychic sedation.' 

Patients with acquired heart disease are 
brought to the anesthesia induction room 
where the induction of anesthesia is ac- 
complished by the administration of 50 to 125 
mg. of 2.5 per cent sodium thiopental. The 
smaller amount is preferable. Then nitrous 
oxide with oxygen is given, employing a 
flow of 6:2 L. per minute on a semiclosed- 
circle system with carbon dioxide absorption. 
This is employed for denitrogenation and di- 
ethyl ether and oxygen are then administered 
with a closed-circle carbon dioxide absorption 
system. The patient is anesthetized to the 
first plane of surgical anesthesia when endo- 
tracheal intubation is accomplished following 
topical spraying of the pharynx and larynx 
with 5 per cent xylocaine (lidocaine). Intu- 
bation is accomplished at this level of anesthesia 
and may be facilitated by the employment of a 
small dose of disuccinylcholine (20 to 40 mg.). 
Anesthesia is then maintained by the adminis- 
tration of diethyl ether using a closed-circle 
carbon dioxide absorption system and a cuffed 
endotracheal tube. The level of anesthesia 


*From the Department of Anesthesiology, The New York Hospital and Cornell University Medical College, 


New York, New York. 
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is then established in the lightest possible plane 
compatible with surgical manipulation and 
the patient may respond to the spoken voice 
throughout the surgical procedure.' The pa- 
tients are comfortable, free of pain and have 
no memory of the experience. We believe 
that this level of anesthesia is the least upsetting 
to the physiology of the body and allows these 
patients to respond well to the stress of acute 
blood loss, change in body position and the 
surgical procedure, and permits easy reversi- 
bility to normal physiology. We have never 
had to cancel an operation and return a patient 
to his room as a result of hypotension or tachy- 
cardia due to the induction or depth of anes- 
thesia. 

The two groups of patients are discussed 
separately because management during anes- 
thesia poses specific problems dependent upon 
the cardiac lesion and the proposed operative 
procedure. 


CARDIAC SURGERY WITHOUT CARDIOPULMONARY 
Bypass 


Mitral Valvulotomy: In the first group, whose 
cardiopulmonary mechanism remains _ intact, 
are those patients who have closed. mitral 
valvuloplasty. By employing a Cambridge en- 
cephalocardioscope, the electrocardiogram may 
be monitored during the entire procedure. 
Also, the electroencephalogram can _ be 
monitored on the same_ scope by leads 
from the frontoparietal area of the head to 
assure the level of analgesia as that described 
by Belleville and Artusio? as twenty-four cycles 
per second activity. The surgeon is not 
interrupted during the valvuloplasty unless 
an abnormal cardiac rhythm persists for a 
period of more than ten to twenty seconds. 
When an electrocardiographic pattern similar 
to the preexisting one returns, further manipu- 
lation of the valve is attempted. 

The most frequent disturbances seen by us 
during manipulation of the valve have been: 
(1) ventricular premature contractions, (2) 
various types of conduction blocks and (3) 
short episodes of ventricular tachycardia. 
These may result from decreased cardiac blood 
flow, septal distortion or compromised coro- 
nary blood flow during the finger fracture of 
the valve. The heart promptly returns to the 
previous rhythm with adequate maintenance 
of blood pressure when the manipulation is 
stopped. With these light levels of anesthesia 
(analgesia), central nervous system depression is 
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minimal and the prompt response of the heart 
after completion of mitral valvuloplasties in 
over 500 patients attests to the beneficial 
nature of these light levels of anesthesia. 

Coarctation of the Aorta: Patients with this 
lesion are operated upon at an optimal time 
in their early teens. Strict attention must be 
directed to both the blood loss and the blood 
replacement at the beginning of surgery, 
for large amounts of blood may be lost when 
the chest is opened due to the large collateral 
circulation in the chest. The loss of blood 
may continue to occur until the coarctation is 
sufficiently exposed and all collateral vessels 
near the area have been successfully divided 
and ligated. Of prime concern is either a 
marked or persistent rise in systolic blood 
pressure in the upper extremities when the 
aorta is cross clamped. The auscultatory 
measurement of blood pressure should be de- 
termined in the right arm, as the brachial 
artery on the left side may be clamped or im- 
paired during the operation with subsequent 
inability to measure blood pressure in the left 
arm. This increase in blood pressure is of 
signal importance in the presence of a pre- 
existing aneurysm of the sinus of Valsalva. 
Should the increase in systolic blood pressure 
be of the magnitude of 50 to 100 mm, Hg, 
the possibility of rupture of a cerebral vessel 
and heart failure should also be considered. 
The rise in blood pressure may be remedied in 
part by deepening the plane of anesthesia, 
and if the elevation is persistent, a thiophanium 
compound (Arfonad [trimethaphan camphor- 
sulfonate]) can be used as an intravenous drip 
for controlled hypotension. This is used in 
a 0.1 per cent concentration, and the rate of 
infusion is determined by the response in de- 
creasing the blood pressure. The drug should 
be administered until the systolic blood pressure 
falls to the preoperative control level. 

The infusion of the Arfonad solution should 
be discontinued to allow the patient to regain 
his maximal peripheral vasomotor control 
before the aortic clamps are removed. This 
is of importance because when the coarctation 


has been resected and the aorta anastomosed, a 


new peripheral arterial bed is opened. Great 
care must be used in the removal. of these 
clamps. First, the patient is placed in 3° 
to 5° Trendelenburg position, blood to be 
replaced under pressure is readied, the electro- 
cardiogram is watched carefully and the 
surgeon, with the anesthesiologist monitoring 
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the blood pressure and pulse, now begins the 
removal of the aortic clamps. The removal of 
these clamps is accomplished slowly, over a 
period of ten to thirty minutes. The cardiac 
rate, cardiac rhythm and arterial blood pressure 
are used as guides to.the speed used in opening 
the aortic clamps. The clamp is opened a 
minimal amount and the cardiovascular re- 
sponse is evaluated. If tachycardia, brady- 
cardia or decrease in blood pressure occurs, 
whole blood is administered rapidly. The 
patient is then allowed to recover and no 
further opening of the clamp on the aorta is 
attempted until the cardiovascular response 
has returned the cardiac rate, rhythm and/or 
blood pressure to their former levels. If the 
clamp is removed in stages, allowing time for 
recovery between each further opening of the 
aorta, the patient should be able to compensate 
for the new peripheral bed. His blood pres- 
sure, after removal of the clamps, should show 
only a widening of the pulse pressure, primarily 
manifested by a decrease in the diastolic blood 
pressure. 
Aneurysm of the Abdominal Aorta: Patients 
with this lesion are in the older age groups 
and usually have some other cardiovascular 
involvement. Therefore, the anesthesia is main- 
tained in the lightest plane possible. It is of 
importance to accomplish a smooth induction 
in these patients, since coughing or struggling 
may cause rupture of the aneurysm. Muscular 
relaxation of the abdomen is required with 
wide exposure of the abdominal aorta, and a 
quiet operative field may be facilitated by the 
use of muscle relaxants in employing light 
planes of anesthesia. An electroencephalogram 
is essential to monitor the depth of anesthesia*® 
and an electrocardiogram is necessary to follow 
the cardiac status during surgery. Attention 
again must be directed to adequate blood re- 
placement in these patients. After resection 
of the aneurysm and replacement by a pros- 
thetic graft, the removal of the proximal aortic 
clamp is again a slow and deliberate maneuver 
as in the patient with coarctation of the aorta. 
Complications due to the rapid removal of the 
aortic clamps can be ‘more serious in these 
patients since they are older and niore prone 
to disturbances in the cardiovascular system. 
Patent Ductus Arteriosus: The patient with 
a patent ductus arteriosus poses several dis- 
tinct problems. It is helpful to know before the 
operation the size of ‘the patent ductus, the 
amount of blood flow through the ductus and 


whether or not any reversal of flow has occurred. 
The premedication for these patients has been 
a barbiturate and belladonna in appropriate 
doses. The anesthetic management has been 
the same as for other chest procedures. We 
have occasionally encountered interference with 
arterial blood flow to the head and upper 
extremities in these patients when the patent 
ductus was occluded. This has led us to the 
use of a trial occlusion of the patent ductus 
with observation of the blood pressure, carotid 
pulse and general appearance of the head during 
this trial occlusion. Blood lost during surgery 
is only partially replaced in these patients 
since the closure of the patent ductus usually 
causes a relative increase in the blood volume. 
There is usually a rise in blood pressure and 
a decrease in pulse pressure following interrup- 
tion of the continuity of the ductus. 

Should severe bradycardia occur during 
surgery, an additional amount of intravenous 
atropine is used to insure cardiac vagal block- 
ade. This is most important in the small 
child since cardiac output may be inadequate 
to maintain tissue oxygenation during these 
episodes of bradycardia. Direct observation 
of the cardiac action by the anesthesiologist 
is important, as a normal electrocardiogram 
may persist for brief periods of time when no 
activity of the heart is seen on direct observation 
and no cardiac output or pulse is found. We 
suggest the -use of atropine intravenously for 
bradycardia and, should the heart rate slow or 
be caused to slow with surgical manipulation, 
the atropine should be administered early with 
the first indication of cardiac slowing rather 
than waiting for the occurrence of severe 
bradycardia. 


OpEN CARDIAC SURGERY WITH 
CARDIOPULMONARY ByPASS 


In the second group of patients, those main- 
tained on partial or total cardiac bypass, the 
problems of management are of an entirely 


different nature. The measurements of ar- 
terial blood pressure, venous pressure, electro- 
cardiogram, electroencephalogram and rectal 
temperature are monitored and recorded for 
each patient. Frequent determinations of blood 
pH and oxygen saturation of the patient’s 
arterial blood and the blood in the pump 
reservoir are made. Each patient is weighed 
immediately. preoperatively and again post- 
operatively. From these figures the adequacy 
of blood replacement is determined. 
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These patients may be further divided into 
two groups. ‘The first group includes those 
patients in whom the heart is not stopped and 
the operation is accomplished by entering 
the right side of the heart. Examples in this 
group are patients with atrial septal defect, 
pulmonic stenosis or anomalous pulmonary 
venous drainage. The second group is com- 
posed of patients with ventricular septal 
defect, mitral stenosis, aortic stenosis or an 
ostium primum, in whom the operation is 
performed via the left side of the heart. In 
these patients, the vena cava, pulmonary 
artery and aorta are cross clamped and the 
heart is stopped. 

Blood Replacement: A general consideration 
during cardiopulmonary bypass is that all 
blood used for replacement before and after 
cardiac bypass is whole blood which has been 
anticoagulated with anticoagulant acid citrate 
dextrose solution. One gram of calcium chlo- 
ride is administered for every 1,000 cc. of 
anticoagulant acid citrate dextrose blood given. 
Replacement of blood is managed by the anes- 
thesiologist from observation and the measured 
blood loss. The measured loss is determined 
by weighing sponges and measuring the volume 
of blood lost via the suction. 

All blood used in the pump is heparinized 
and, prior to the placement of catheters in the 
heart and blood vessels, the patient is given 1.5 
mg. of heparin per kg. of body weight. After 
the patient is returned to his own circulation 
and the catheters removed, the heparin is 
counteracted by giving an equal calculated 
dose of polybrene (hexadimethrine bromide). 
All patients are given d-tubocurarine (0.4 
mg. per kg. of body weight)‘ three minutes 
before instituting cardiac bypass. The d-tubo- 
curarine can bind itself with the protein 
of the junctional receptor and provide a quiet 
operative field and apnea for a period up to 
one hour. No anesthetic agent is given during 
the cardiac bypass and ventilation of the patient 
is stopped. We have not added any inert gas 
to the lungs during this period and have not 
encountered any increase in pulmonary atelec- 
tasis. 

The body temperature is recorded and since 
cooling of the patient usually occurs, our effort 
is directed toward maintaining body tempera- 
ture between 34° and 37°c. We have added 
heat occasionally by pumping a heated solution 
through a pressure mattress which is underneath 
the patient. 
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Pulmonary Ventilation and Oxygenation: Pul- 
monary ventilation is achieved in all these 
patients by the use of a closed-circle anesthesia 
machine with a carbon dioxide absorber. 
The patient’s electroencephalogram is moni- 
tored and the depth of anesthesia is maintained 
so that the electrical activity is predominantly 
one of twenty-four cycles per second.6 The 
arterial oxygen saturation is followed as well 
as the arterial blood pH. The pH is kept 
toward alkalinity and ranges from 7.55 to 
7.65. If this does not occur, more vigorous 
ventilation is carried out until the pH is above 
7.5. We believe that this is necessary before 
the patient’s circulation is maintained by the 
pump-oxygenator as the pH tends to return to 
a more acid range and frequently drops to 
7.45 or 7.40 during cardiopulmonary bypass. 
A mixture of 97.5 per cent oxygen and 2.5 per 
cent carbon dioxide is used to flow into the 
pump reservoir to oxygenate the blood in the 
pump. We have found that the use of 100 
per cent oxygen without additional carbon 
dioxide allows the blood pH to swing toward 
an acid pH. 

During the perfusion, the arterial pH, oxygen 
saturation, and the electroencephalogram are 
followed carefully to be assured the patient is 
being adequately oxygenated and that the 
acid-base balance is kept within a narrow 
range. When the perfusion is stopped, ventila- 
tion is resumed and the pH is followed and 
used as a guide to determine the adequacy 
of ventilation. Ventilation is regulated to 
maintain arterial pH between 7.45 and 7.55. 
No further addition of anesthetic agent is 
necessary unless the patient moves, and only 
very small amounts of diethyl ether are added 
if this becomes necessary. 

Blood Pressure: The arterial pressure is 
monitored throughout the perfusion and usually 
the pressure is 60 to 90 mm. Hg during the 
perfusion. When the heart is closed and the 
patient is returned to his own circulation, the 
volume pumped by the pump-oxygenator is 
decreased slowly over a period of two to three 
minutes and then stopped. The best single 
guide for stopping the pump is the main- 
tenance of an adequate cardiac output as 
reflected by the arterial blood pressure re- 
cording. 

The venous pressure is monitored as a check 
on adequate venous drainage during perfusion. 
If the venous pressure rises, the venous pump 
is speeded up to return more blood from the 
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patient to the oxygenator. In this way, the 
pump-oxygenator is kept in balance so that 
the amount of blood pumped into the arterial 
side of the patient is returned via the venous 
catheters from the patient to the oxygenating 
chamber. 

Cardiac Arrest: In those patients whose 
heart is stopped for the repair of a ventricular 
septal defect, or mitral or aortic valvular 
lesion, perfusion is begun and, after the pump- 
oxygenator is in balance, the aorta is cross 
clamped. A solution of 2.5 per cent potassium 
citrate in heparinized blood is injected into the 
left heart until all electrical and mechanical 
activity of the heart stops. The usual volume 
is 20 to 60 cc. Upon completion of the repair 
and closure, the heart is flushed with blood 
from the pump-oxygenator to decrease the 
potassium in the heart, and this blood is not 
returned to the oxygenator. Recently, we 
have used anoxic cardiac arrest instead of 
potassium arrest. Following corrective surgery, 
the electrocardiogram is then followed for the 
resumption of a normal cardiac rhythm. 
If the heart fails to start with an effective output, 
and a defibrillator must be used to convert 
abnormal rhythms, the electrocardiogram is 
followed to determine the effectiveness of the 
defibrillation. 

Postoperative Management: 
status of blood replacement. Adequacy of 
ventilation is evaluated at this time. If 
pulmonary ventilation is not adequate, a small 
dose (10-20 mg.) of Tensilon® is given intra- 
venously in divided doses. This usually suf- 
fices to return ventilation to preoperative 
levels. 


The patients are transported to the recovery © 


room in a high oxygen atmosphere. The 
importance of adequate observation in the 
recovery room cannot be minimized; careful 


Postoperatively, 
the patient is weighed again to determine the 


attention to ventilation and circulation must 
be maintained. Personnel trained in recovery- 
room care of these patients must be provided 
to assist the physician in the immediate post- 
operative care. No narcotics are given for the 
first three to five hours postoperatively. Then, 
if an analgesic is needed, 16 to 32 mg. of codeine 
phosphate is administered to children and 10 
to 25 mg. of meperidine is given to adults. 

Since the operative wound is a bilateral chest 
wound, the patient occasionally may not have 
an adequate respiratory volume to insure 
adequate oxygenation. In this case, the pa- 
tient’s respiration is assisted by means of a 
ventilator to obtain adequate alveolar ventila- 
tion. Should a ventilator be employed, it 
usually may be discontinued in four to six 
hours in most patients and they are then 
able to maintain their own ventilation. How- 
ever, much longer periods of assistance may 
be necessary. Patients are returned to their 
rooms after their cardiovascular and pul- 
monary systems are stable. 


REFERENCES 


. Artusio, J. F., Jr. Ether analgesia during major 
surgery. J.A.M.A., 157: 33, 1955. 

. BELLEVILLE, J. W. and Arrtusio, J. F.,Jr. Electro- 
encephalographic pattern and frequency spectrum 
analysis during diethyl ether analgesic. Anes- 
thesiology, 16: 379, 1955. 

. BELLEVILLE, J. W., Artusio, J. F., Jn. and GuLenn, F. 
Electroencephalogram during cardiac manipu- 
lation. Surgery, 38: 259, 1955. 

. Artusio, J. F., MArRsury, B. E: and Crews, 
M. F. A quantitative study of d-tubocurarine 
tri-(diethyl aminoethoxy) 1,2,3 benzene (flaxedil) 
and a series of tri-methyl and dimethyl ethyl 
ammonia compound in anesthetized man. Ann. 
New York Acad. Sc., 54: 512, 1951. 

. Artusio, J. F., Jr., Riker, W. F., Jr. and Wescoe, 
C. W. Studies on the inter-relationship of certain 
cholinergic compounds; anti-curare action in 
anesthetized man. J. Pharmacol. G Exper. Therap., 
100: 227, 1950. 


THE AMERICAN JOURNAL OF CARDIOLOGY 


~ 
1 
2 
ae 
3 
4 
5 
RN 
Bre 
+ 


Anesthesia for Cardiac Surgery’ 


Joun B. Ditton, M.D. and Eva M. KaAvan, M.D. 


Los Angeles, California 


wees THE LAST ten years, the development 
of cardiac surgery has presented problems 
for the anesthesiologist which have had to be 
solved almost instantaneously in the operating 
room as new surgical technics have been in- 
troduced. The technics for cardiac surgery 
and the development of artificial circulation 
schema have, for the most part, been laboratory 
disciplines worked out experimentally on labora- 
tory animals. Once the surgeon decided that 
the technical problems of the operation were 
sufficiently overcome, the anesthesiologist was 
required to anesthetize a patient who might 
have various physical and emotional conditions 
for which there is no laboratory counterpart. 
In contrast, therefore, to the technics used for 
cardiac surgery, we do not believe that anes- 
thesia technics for cardiac surgery can be 
learned from experiments in the animal labora- 
tory. 

The necessity for teamwork and understand- 
ing is nowhere better exemplified than in cardiac 
surgery, since nowhere is there greater inter- 
dependence among individual specialists. These 
specialists are necessarily totally absorbed in 
their own problems; however, when a compli- 
cation occurs in one area, it may negate the 
best efforts of the specialist in another area. 
In this paper, some of the general principles of 
cardiac anesthesia as practiced at the University 
of California Medical Center, Los Angeles 
are discussed. Comments on some experiences 
which may be useful to others who have not 
as yet met similar problems are included (Table 


1). 


PREOPERATIVE PREPARATION OF THE PATIENT 


Every adult patient who is to undergo cardiac 
surgery, other than one who is mentally re- 
tarded, knows that he is facing a very serious 
problem. He needs and should have as much 
assurance as is medically proper with respect 


to his chances of survival and cure. The par- 
ents of every child in this position also need 
some assistance in justifying the decision to sub- 
ject their child to cardiac surgery. Even though 
it is the child’s only possible hope, many par- 
ents believe that they may be precipitating 
the death of their child by consenting to the 
operation. 

The patient and parents know that anes- 
thesia plays a considerable role in the chances of 
survival. Thus, it is our teaching and belief 
that the anesthesiologist should take part in 
their psychologic adjustment. We have found, 
too, that the patient or parents are aware that 
the surgeon is completely occupied with his 
task, which results in their regarding the 
anesthesiologist as a “‘guardian angel.’’ Thus, 
he must be gentle, tactful and understanding. 
This is quite a responsibility and requires a 
certain amount of introspection on the part of 
the anesthesiologist with regard to his methods 
of handling patients. 


PREMEDICATION 


We have not been impressed on this service 
with the efficacy of any particular premedica- 
tion routine other than a good preoperative 
visit. We believe in very light medication 
which, if necessary, may be supplemented in- 
travenously. In the unusually apprehensive 
patient, fear will not be alleviated even by 
large doses of narcotics, tranquilizers or bar- 
biturates, which in the end only cause respira- 
tory depression. A patient who has been hypo- 
ventilating for a period of time is in a stage of at 
least mild hypoxia and hypercarbia not neces- 
sarily manifested by clinical signs. This is an 
undesirable added risk which should definitely 
be avoided. Any drug producing some mild 
quieting effect, but not a depressing one, may 
be considered satisfactory. 

For the agitated child, our experience indi- 


* From the Department of Surgery, Division of Anesthesia, University of California Medical Center, Los Angeles, 


California. 
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TABLE I 
Heart Operations Performed at U.C.L.A. Medical 
Center* 
No. of 
Type of Operation Operations 
All cardiac operations 447 
Operations with use of cardiopulmo- 
nary bypass 164 
Operations with the use of hypo- 
thermia 68 
Catheterizations 548 


*From July 1, 1955 (when hospital was opened) to 
June 30, 1959. 


cates that small rectal doses of barbiturate in 
liquid form, allowing time for effect, are satis- 
factory in producing basal sedation and un- 
awareness of the preliminary procedures. If 
a belladonna drug is desired subsequent to 
this, it can be given intravenously. The result 
of such a regimen will not be a dry, hot, irritated 
child coming to operation; whereas if a bella- 
donna drug is administered intramuscularly 
this condition is inevitable. 
In the majority of adult patients the premedi- 
cants do not appear to have as disturbing an 
effect. Hence, a small dose of barbiturate, 


tranquilizer or narcotic tends to quiet the pa- - 


tient. Narcotics frequently produce nausea 
and emesis, and their routine preoperative use 
intramuscularly may be questioned. We prefer 
to use barbiturate and scopolamine in adults, 
since scopolamine tends to give some amnesia 
even in doses that have no particular vagolytic 
effect. 

The aim of preoperative preparation is to 
have a calm, quiet, placid patient come to 


surgery. There is, we believe, no better place © 


to use suggestive therapy for preoperative 
preparation. Whatever drug or combination of 
drugs is ultimately employed in a specific case, 
it is certain that depression of respiration and 
circulation should be avoided. 


CARDIAC CATHETERIZATION 


Although cardiac catheterization is not truly 
cardiac surgery it is an important part of the 
general problem. Most children coming to 
cardiac surgery are catheterized during the 
preoperative investigation. This is an excellent 
time for the anesthesiologist to become ac- 
quainted with the patient and the parents. 

On this service we have performed almost 
700 cardiac catheterizations in infants and 


TS 


Fic. 1. Crater-like necrosis of arm following intra- 
muscular injection of thiobarbiturate. 


children. Our aim is to produce minimal 
sedation, achieved by thiobarbiturate adminis- 
tered either rectally or intramuscularly. We 
use 10 per cent Surital® rectally in all children 
except infants. The initial dose for normally 
developed children is 33 mg. per kg. of body 
weight. In poorly nourished or poorly de- 
veloped children, or in those in cardiac failure, 
this dose is decreased to 22 mg. per kg. of body 
weight. In any case, the rectal catheter is 
left in place so that additional doses may be 
given if the procedure outlasts the effect of the 
initially administered drug or so that unab- 
sorbed medication can be withdrawn if the 
procedure has been of shorter duration than 
expected. Onset of sedation is usually within 
five minutes after the drug has been adminis- 
tered and the hypnosis lasts about one and a 
half to two hours. For additional doses 15 to 
22 mg. of 10 per cent Surital per kg. of body 
weight are administered. 

Very small infants do not accept rectal medi- 
cation readily and expel even small quantities. 
Therefore, we have used the same concentration 
of Surital or Pentothal® administered intra- 
muscularly as suggested by Keown.! We 
would like to emphasize that the medication 
must be given intramuscularly deep in the but- 
tock, avoiding the sciatic nerve. We have 
had one complication with this technic. In 
this case the thiobarbiturate was given in the 
deltoid area and a hematoma developed im- 
mediately. In the days following, a crater-like 
necrosis developed (Fig. 1) which eventually 
was healed by granulation and a postage stamp 
skin graft; however, a depression in the skin 
remained. 
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The intravenous cut-down for insertion of 
the catheter is performed under local infiltra- 
tion with 0.5 per cent Xylocaine® after the 
child is asleep. 

Early in our experience with angiocardi- 
ography following catheterization, the child was 
hyperventilated with oxygen and a small dose 
of succinylcholine was administered intra- 
venously to prevent movement. Since the 
surgical teams have become more expert, this 
is now necessary only occasionally. We have 
found minimum basal sedation sufficient, and 
our pediatric cardiologists are satisfied with it. 
We have had few complications attributable to 
our part of the procedure and only one death, 
which was due to an inadvertent overdosage. 

We have tried small doses of Ritalin® or 
Megimide® to stimulate early arousal, but as 
experience with the procedure has increased 
we no longer use analeptics. The usual awak- 
ening time is about two hours. Occasionally, 
a child will remain somewhat sleepy for as long 
as twenty-four hours but will eat and respond, 
and we have seen no reason to hasten the 
peaceful child back to the awakened state. 


SURGICAL ANESTHESIA FOR CARDIAC SURGERY 


The establishment of surgical anesthesia for 
cardiac surgery can be considered from many 
points of reference. Two general factors are 


important: (1) Is hypothermia to be used? 
(2) Is cauterization considered surgically 
necessary? It was once believed that cyanotic 


heart disease, contrary to noncyanotic, re- 
quired particular consideration with respect 
to the choice of anesthetic technic and agent. 
This is no longer considered necessary. 
Pulmonary Ventilation: The first and most 
important principle of anesthesia for cardiac 
surgery (and, for that matter, of all general 
anesthesia) is adequate ventilation. Whether 
this is accomplished by manual means or by 
the employment of mechanical assistors is, 
according to our experience, of no particular 
importance. The best way to assure adequate 
ventilation is by the observation of alveolar or 
end-tidal air carbon dioxide. This can be 
done either continuously, using an infrared 
analyzer, or intermittently, using any of the 
usual absorption methods. Arterial measure- 
ments of pH will also act as an adequate control, 
but are somewhat less convenient to perform 
than alveolar or end-tidal air carbon dioxide 
analysis. It is difficult to evaluate the adequacy 
of ventilation of a patient with a pneumothorax 
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without some check on carbon dioxide, partic- 
ularly when the thorax is opened bilaterally. 
In the absence of some method of carbon 
dioxide or pH determination, it is mandatory 
that efforts be made to hyperventilate rather 
than to risk any hypoventilation. De- 
spite some theoretic considerations to the 
contrary, experience shows that hyperventila- 
tion with respiratory alkalosis during a surgical 
procedure does not produce any undesirable 
physiologic effects. 

Depth of Anesthesia: ‘The second principle of 
anesthesia for cardiac surgery is that it should 
be as light as possible and yet give the patient 
amnesia. Experience has indicated that the 
so-called vagovaga! reflex does not exist in the 
presence of adequate ventilation. It is believed 
that the occurrence of bradycardia in the 
absence of cardiac manipulation is evidence of 
hypoventilation and asphyxia. Without pres- 
ently considering certain problems peculiar to 
extracorporeal circulation procedures, we are 
committed to the thesis that electroencephal- 
ography is the most satisfactory method of moni- 
toring the depth of anesthesia, if allowances 
are made for the numerous phenomena which 
may modify adequate cerebral circulation. 
We do not believe, however, that it is possible 
to use the electroencephalogram as the only 
criterion of the depth of anesthesia, or to use it 
to control depth of anesthesia. 

To avoid any misunderstandings we would 
like to emphasize that there is no substitute for 
frequent determinations of blood pressure and 
the monitoring of cardiac thrust by noting the 
pulse at any of the various places in which it 
can be palpated by any method which the 
anesthesiologist finds satisfactory. 

Fluid and Blood Replacement: The third prin- 
ciple of cardiac anesthesia is the placement of 
large bore needles or cannulas in veins on flat 
surfaces, preferably in the arm, for the admin- 
istration of fluid in amounts compatible with 
the patient’s size and need; for the rapid re- 
placement of blood, if necessary; and, equally 
important, for the administration of whatever 
ancillary drugs may be indicated. 


ANESTHESIA FOR CARDIAC SURGERY UNDER 
HYPOTHERMIA 


The general problems of hypothermia have 
been well covered in several monographs.*~* 
In the past, more hypothermia was used for 
cardiac surgery than at present, mainly be- 
cause of the increasing use of extracorporeal 
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circulation. It is probable, however, that in 
the near future rapid cooling to extreme 
temperatures will become widely practiced and, 
with the use of extracorporeal perfusion, will 
extend the usefulness of hypothermia in cardiac 
surgery. 

The basic reason for hypothermia is to reduce 
the metabolic demand of the tissues, particu- 
larly the tissues of the central nervous system, 
so that they can withstand either temporary 
cessation or marked reduction in circulating 
blood flow for a short period of time. There is 
an erroneous belief that reduction in body 
temperatures of 30° to 31°c. is associated 
with loss of consciousness, analgesia and marked 
depression of vital functions such as respiration 
and circulation. While there is unquestionably 
some reduction in pain appreciation, which is 
very difficult to assess as an absolute quantity, 
we have had more than one adult patient with 
a rectal temperature of a little over 31°c. 
complain bitterly of cold. One patient, when 
asked how he felt postoperatively and if he had 
any pain, said, “‘I feel all right, but I’m cold.” 
The central depressing effects of hypothermia 
are, however, more marked in young children 
and infants, although they may be quite re- 
sponsive at rectal temperatures of 30° to 33°c. 

Shivering: The anesthetic problems incident 
to hypothermia are largely those of induction, 
during which period the prevention of shivering 
is most important. Gross shivering is control- 
lable by the administration of anesthesia, but 
so-called “occult shivering,” or muscle fascic- 
ulation which is not grossly visible, can only 
be detected by some technical means. The 
easiest method by which fasciculation may be 
detected is by using a cathode ray cardioscope 


on which somatic fasciculation is readily ap-.- 


parent. ‘The most accurate way would be with 
the use of the electromyograph which, however, 
is not readily available in most hospitals. We 
do not believe that it is desirable to suppress 
this type of shivering by increasing the depth 
of anesthesia, and prefer to use curare in suffi- 
cient quantities given fractionally to result in a 
smooth electrocardiographic trace. 

Rate and Depth of Cooling: It is generally 
agreed that with slow cooling, 30°c. is the 
lowest core temperature consistent with minimal 
incidence of cardiac irritability and maximal 
chance of restoration of effective cardiac action 
should fibrillation occur incident to cardiac 
manipulation. The problem of reaching the 
temperature of 30°c. reasonably rapidly and 


maintaining it without “‘drift’’ is at the moment 
the least satisfactory part of usual hypothermic 
technics. The larger the body mass and the 
more rapid the rate of cooling, the greater 
potential chance there is for drift to an undesir- 
ably low temperature. Therefore, it is not 
necessary to be overly concerned about very 
rapid cooling if a surgeon states he wishes a 
patient to be at some specific temperature, or 
as close to it as is possible, since it is more 
likely that drift rate can be estimated .and 
allowance made for it if the fall in body tem- 
perature is not precipitous. It is our experience 


‘that children with very small body masses 


tend to drift down approximately 1.5° to 3°c. 
and that adults with large body masses drift 
approximately 3° to 5°c. in general, roughly 
proportionate to their mass. An adult patient 
has been noted to drift 9°c. before his body 
temperature could be reversed. 

Methods of Cooling and Warming: The methods 
for cooling and warming are highly individual 
in different centers. In this institution, a 
Thermorite® blanket, or similar blanket, is 
used, supported initially with crushed ice in 
plastic cases. When the estimated ‘“‘drift’” 
point has been reached the ice packs are re- 
moved and a Thermorite set to approximately 
a degree above the desired temperature. In 
our experience this method produces the de- 
sired result in most instances, although error is 
seen in both directions. Care must be taken to 
prevent pressure points with reduced circulation 
so as to avoid burns, and the hands and feet 
should be wrapped so that they do not contact 
the ice or any cold surface directly. 

Warming is accomplished by warm water in 
the blankets, not to exceed 42°c. Postopera- 
tively, the patient is removed from the operating 
room at whatever temperature the surgery 
terminates and additional warming is accom- 
plished by the use of warm water blankets 
and warm water bottles. We have not applied 
the additional complexity of diathermy to 
accomplish warming. 

Either rectal or esophageal temperature re- 
cordings are Clinically satisfactory. Neither, 
however, is accurate. The most accurate 
record of temperature monitoring would be 
the insertion of a thermistor at the superior 
vena cava. This is not clinically practical. 
In general, rectal temperature is usually about 
1°c. lower than esophageal due to the local 
warming in the esophageal area produced by 
the anesthetic gases in the trachea. 
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Fic. 2. Drop in blood pressure and deterioration of electroencephalogram during endotracheal suctioning. 
return to normal appearance following hyperventilation. 


CHOICE OF ANESTHETIC AGENTS 


In the past we believed that the cyanotic 
cardiac patient required either cyclopropane 
or ether combined with very high oxygen 
concentrations. Today, however, we believe 
that any clinically acceptable anesthetic agent 
given in its minimal therapeutic concentration 
is satisfactory for any patient as long as ventila- 
tion is adequate. 

If intravenous or rectal induction is not 
possible or practical, then an agent that will 
produce the most rapid induction is the agent 
of choice. In our experience the most satis- 
factory agent has been cyclopropane and oxy- 
gen. After induction is accomplished, which- 
ever agent is satisfactory for the general surgical 
requirements of the patient may be adminis- 
tered. Fluothane® or fluoether would be the 
agents of second choice for induction. Al- 
though these are not as rapid as cyclopropane, 
they have a pleasant odor and produce no 
irritation. 

The use of nonexplosive combinations is 
becoming more and more important as the use 
of electrocoagulation becomes more commonly 
employed. This is quite proper since the use 
of electrocoagulation reduces the total anes- 
thetic and surgical time by a significant 
amount. Electrocoagulation is almost manda- 
tory with median sternotomy which has rapidly 
displaced bilateral thoracotomy in this hospital 
for cardiac operations. 

Following a cyclopropane or intravenous in- 
duction, nitrous oxide with approximately 30 to 
40 per cent oxygen may be used for main- 
tenance of anesthesia, using intravenous 
meperidine in fractional doses for supplemental 
analgesia. Curare in suitable amounts is 
used for relaxation. If a patient has been able 
to survive on air he will be able to survive on 
30 to 40 per cent oxygen provided ventilation 
is adequate. It cannot be overemphasized 
that ventilation is the most important aspect 
of general anesthesia, and should always be of 
the order that the arterial pH is either normal or 
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Note 


slightly elevated and the alveolar pCO: normal 
or slightly reduced. Under these circumstances 
we are convinced on the basis of our experiences 
that the anesthetic agent employed is of sec- 
ondary consideration. 


GENERAL CONSIDERATIONS 


Endotracheal Intubation: Endotracheal intu- 
bation is routinely employed for cardiac surgery 
anesthesia. While intubation in children is 
associated with the possibility of postintubation 
subglottic edema, this has not been a problem. 
Postoperatively, all pediatric patients are put 
in a cold, moist atmosphere, prophylactically, 
using a suitable oxygen hood for variable 
periods, usually from six to twenty-four hours. 
The majority of patients, both pediatric and 
adult, are extubated in the operating room and 
are awake and reactive within ten to fifteen 
minutes after surgery. However, complete 
anesthetic equipment is taken to the recovery 
room and later to the ward so that immediate 
respiratory assistance may be applied should 
some catastrophe occur. Each member of the 
staff of the cardiac surgical team is capable of 
performing tracheal intubation. We _ believe 
that this is an important part of the training of 
thoracic surgeons and cardiologists, as well 
as anesthesiologists. 

Aspiration of Secretions during and after Surgery: 
There is no question that secretions in the 
respiratory tree should be removed, since they 
not only interfere with the lumen of the respira- 
tory passages, but also may be the precursor of 
atelectasis. However, their removal may be 
associated with alarming cardiac arrhythmias 
if the aspiration is not done swiftly and under 
proper circumstances. During anesthesia, as- 
piration of secretions should be attempted only 
after a period of hyperventilation with as high 
a concentration of oxygen as is practical, and 
then only one aspiration should be performed 
at a time. This aspiration should be carried 
out during the removal of the catheter from the 
endotracheal tubes. Suction should never be 
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applied when the suction catheter is introduced, 
as the removal of respiratory gases during the 
introduction of the catheter doubles the possibil- 
ity of hypoxia. This we can document with one 
recent observation. A small infant, severely 
ill, was scheduled for corrective heart surgery 
with the use of the cardiopulmonary bypass. 
At the time of the operation the lesion was 
considered inoperable and the procedure aban- 
doned. Just prior to the closure of the wall of 
the chest, the patient underwent suction after 
hyperventilation, but apparently skill and speed 
were not adequate. The surgeon observed 
sudden collapse of the right lung, the technicians 
noted a sudden drop in blood pressure simul- 
taneously and there was an abrupt deterioration 
of the electrical cortical activity (Fig. 2). The 
suctioning was immediately interrupted, the 
child again hyperventilated and as the lungs 
expanded both blood pressure and electro- 
encephalograms promptly returned to their 
previous appearance. Postoperatively, as much 
coughing as is possible should be encouraged 
before aspiration is attempted to accomplish 
self-hyperventilation and bring the secretions 
as high as possible in the respiratory tree. 


ANESTHESIA PROBLEMS OF THE EXTRACORPOREAL 
CIRCULATION 


Problems of this type are unique for only a 
very short portion of the operative procedure 
and, in general, revolve about the maintenance 
of a quiet, anesthetized patient during a period 
in which the anesthesiologist “loses control” 
because the pulmonary circulation is removed 
from systemic circulation, and hence the usual 
ways of anesthetic administration are cut off. 

The general management prior to the onset 
of extracorporeal circulation is the same as for 
any other type of cardiac surgery. During 
perfusion the patient is kept from moving by an 
appropriate dose of curare. Best results have 
been obtained by increasing the estimated dos- 
age by about one-third. This augmentation 
of curarization is needed partly because the 
volume of the circulating blood is suddenly 
tremendously enlarged by the volume of the 
heart-lung apparatus and partly because no 
general anesthetic agent of any kind is adminis- 
tered at the time of perfusion. During repair 
of certain anomalies of great vessels, even larger 
amounts of muscle relaxants have not provided 
complete apnea and respiratory movements 
were quite disturbing to the surgeon. Quies- 
cence of the diaphragm has been recently 


accomplished by alteration of the carbon diox- 
ide content in the gas mixture used in the 
heart-lung machine. This observation is quite 
recent and is subject to further investigation. 

Electronic Monitoring: Several cardiac surgical 
teams, after having used electronic monitoring 
extensively at the beginning of their experiences 
in open heart surgery, are abandoning it. It 
is claimed that the insertion of all the monitoring 
devices is time consuming and cumbersome, 
and the monitoring is only of relative value.? 
We do not share this opinion. In our institu- 
tion, a rectal thermometer is inserted and elec- 
trocardiographic and electroencephalographic 
electrodes are attached by one anesthesiologist 
while another is inducing anesthesia and in- 
tubating the patient. Simultaneously, arterial 
cut-down for direct measurement of the blood 
pressure, venous cut-down for fluid administra- 
tion and venous pressure monitoring are 
performed by the surgical team. The patient’s 
chest is scrubbed as soon as the endotracheal 
tube has been inserted. Thus, the operation is 
usually started within thirty minutes of onset 
of anesthesia. 

The blood in the heart-lung machine in our 
hospital is warmed to body temperature. 
Nevertheless, there is always some:decrease of 
body temperature in each patient. In small 
children during unusually prolonged perfusion 
this drop in body temperature may become 
quite marked and‘ is deleterious to the patient 
if not recognized. 

Our experience with venous pressure moni- 
toring is quite recent and, therefore, we do not 
feel justified in discussing its importance at this 
point. We have always measured arterial 


_ pressure directly and consider this method more 


reliable than the conventional indirect measure- 
ment with a cuff. Since this parameter is 
obviously of great importance in operations 
on the cardiovascular system we prefer to use 
the more dependable method. 
Electroencephalogram: We would like to em- 
phasize again that electroencephalography is 
not used solely for determination of the depth of 
anesthesia. As mentioned previously, other 
phenomena can affect electrocortical activity, 
unrelated to the anesthetic agent used during 
operation. Marked hypotension, hypoxia, hy- 
percarbia or misplaced retractors on the su- 
perior vena cava causing decreased cerebral 
circulation may result in changes very similar 
to those of deepening of anesthesia.* It is not 
unusual for any of these insults to occur 
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during cardiac surgery. If they are not recog- 
nized and treated promptly, the outcome of the 
operation may be altered considerably, at times 
to the detriment of the patient. On several 
occasions, we have observed deterioration of 
the electrocortical activity long before hypo- 
volemia has resulted in hypotension or tachy- 
cardia. Similarly, adequacy of the perfusion is 
easily ascertained if continuously confirmed by 
good cortical activity. 

It has been claimed by others® that continuous 
monitoring of the electrocardiogram is not 
necessary since it is replaced by direct observa- 
tion. However, in our experience only gross 
disturbances of the cardiac rhythm can be 
diagnosed with certainty without an electro- 
cardiogram. We believe that changes in the 
configuration of the tracing may be of great 
importance and if recognized promptly may 
considerably influence the outcome of surgery.” 

Depth of Anesthesia during Extracorporeal Cir- 
culation: From 1957 until the first part of 
1959 the surgical team at this hospital used the 
Gibbon type screen oxygenator for correction 
of various cardiac abnormalities, 151 operations 
having been performed, most of them on chil- 
dren. Inhalation anesthetic was deepened 
just before the onset of extracorporeal circula- 
tion. Within ten to fifteen seconds of the onset 
of perfusion the electroencephalographic pat- 
tern became very similar to the state of wake- 
fulness. Several of our patients, both children 
and adults, would respond to simple commands 
such as to open their eyes or move their head. 
However, all of them had complete amnesia of 
the whole event. 

In the last four months the previously used 
heart-lung machine has been replaced by the 
Kay-Cross rotating discs apparatus. Some of 
our adult patients, operated upon with the use 
of this machine, spontaneously informed us 
the very next morning that they were awake 
during part of the procedure. One of them 
repeated the exact words that were said with 
an accuracy that seemed unbelievable, since 
these words were spoken while the patient’s 
heart fibrillated. He described with great 
precision what he felt during the electric shock 
used for defibrillation. We now explain to our 
adult patients during our preoperative visit 
that they might be aware of being operated on 
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and might hear us talking to them, but that 
they will not be awake completely and will 
not feel any pain. We do not terminate our 
preoperative visit until we think that the pa- 
tients are reassured and completely calm and 
confident. In addition to this preoperative 
suggestion, amnesia is accomplished by small 
doses of meperidine given in divided increments 
(15 to 40 mg. total). This is given intrave- 
nously or through the heart-lung machine when 
it is first noticed that the patient is responding or 
a few minutes before it is expected that the 
electric defibrillator will be used. Since me- 
peridine has been used, patients have had 
complete amnesia. 


SUMMARY 


The general principles of anesthetic manage- 
ment during cardiac operations are discussed. 
The importance of adequate psychologic prep- 
aration of the patient by the anesthesiologist, 
plus minimal preoperative medication and light 
anesthesia, is stressed. Special attention is 
called to the importance of adequate ventila- 
tion. It is the authors’ opinion that careful 
monitoring during open heart surgery is of 
value both to the surgeon and the anesthe- 
siologist. 
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Anesthesia Management for the Operative 
Treatment of Coronary Artery Disease’ 
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E OPERATIONS for improving the blood 
= gestion to the myocardium that remain in 
clinical usage, such as the Beck I and Vineburg’s 
internal mammary artery transplant, present 
basically similar problems in anesthetic man- 
agement: to provide safe operating conditions 
in a potentially lethal situation and to have the 
patient emerge unharmed from the anesthesia 
which, at one time, was considered hazardous. 

Our experience has been with the Beck I 
procedure.' The object of this operation is to 
distribute more evenly the blood available to 
the heart between the areas of relative ischemia 
and those with efficient coronary supply. This 
is achieved by the abrasion of the epicardium 
and pericardium and by the application to the 
surfaces of the irritants, trichloroacetic acid 
and powdered asbestos. The resulting in- 
flammatory reaction causes the formation of a 
network of blood vessels on the surface of the 
heart. In addition, a suture is placed round 
the coronary sinus narrowing it to a diameter of 
3 mm. The resulting congestion and back 
pressure stimulates the development of inter- 
coronary anastomoses within the heart muscle. 

The patient likely to derive the most benefit 
from this surgical treatment is one who has 


anginal pain and who still has an adequate total © 


coronary inflow, though the blood is poorly 
distributed. Patients who have progressed 
to marked myocardial damage or those who 
have greatly reduced total blood inflow are not 
considered suitable candidates. 


MorTALITY 


Over a five-year period, the mortality rate 
for 429 consecutive patients has amounted to 6 
per cent during the time they were in the hospi- 
tal.2_ For the last 200 patients the rate has been 
2 per cent. This may be compared with rates 
of 5.2 per cent‘ and 3.6 per cent’ obtained by 
other groups performing major noncardiac 


* From the Department of Anesthesia, Western Reserve University School of Medicine, Cleveland, Ohio. 


Chepstow, Wales 


surgery on patients with coronary artery dis- 
ease. 

Operations for coronary disease are essen- 
tially elective procedures and the correct choice 
of time, among other factors, can influence the 
risk. To operate during the acute phase of a 
myocardial infarction or too soon after it 
carries a very high mortality rate.6 On the 
other hand, the disease process is progressive, 
often rapidly so, among the lower age groups.’ 
Needless procrastination may cost the patient 
his best chance of a successful outcome. 


PREPARATION FOR SURGERY 

Any period of waiting for surgery is not 
wasted. At the time of consultation, the patient 
is instructed in breathing exercises and arm- 
shoulder movements which can be carried out 
at home. The more vigorous forms of physical 
therapy, such as postural drainage and percus- 
sion, are best avoided for these patients. Bron- 
chitis and emphysema, if present, may be 
alleviated by the use of aerosol detergents and 
bronchodilator drugs. Smoking should be re- 
duced to the minimum. The patient should 
visit his dental surgeon to ensure good oral 
hygiene, though extractions are best avoided 
because of the dangers of the epinephrine in the 
local anesthesia, the possibility of hypoxia if 
general anesthesia is used and, finally, the 
chance of bacteremia occurring. Most of our 
patients have previously received treatment 
with the conventional drugs. But as the disease 
process runs its accustomed course and the 
benefits from therapy decrease, the patient is 
driven to seek relief by surgical means. Many 
of the drugs prescribed do not adversely affect 
the course of surgery or anesthesia; the nitrites, 
digitalis, antisludging agents like hydroxy- 
chloroquine sulfate (Plaquenil®)* and simple 
sedatives may be continued with benefit. Other 
drugs, such as the tranquilizers, phenothiazines, 
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reserpine or iproniazid and the anticoagulants 
should be withheld before surgery. Pheno- 
thiazine derivatives‘ and reserpine’: will 
seriously interfere with the action of any vaso- 
pressor agents required during surgery. We 
have found that many of our patients have 
become dependent upon narcotics for relief 
of their angina. The time to reduce this 
dependence upon narcotics is after the surgery 
has been successfully completed and _ not 
before. 


PREOPERATIVE PROCEDURES 


Difficulty is sometimes experienced in deciding 
whether or not an exacerbation of symptoms 
prior to operation is of serious significance. 
When a previous electrocardiographic abnor- 
mality obscures the diagnosis, the transaminase 
level may indicate the presence of a fresh myo- 
cardial damage.'' When there is a significant 
rise, surgical treatment is postponed. A delay 
of six months will allow the heart to make a 
partial recovery from the acute episode and to 
develop intercoronary anastomoses under the 
stimulus of the occlusion.” In addition to 
cardiologic investigations, the-patient has an 
x-ray film of the chest, estimations of the basal 
metabolic rate and vital capacity, urinalysis, 
hemoglobin and hematocrit. 

Naturally, these patients are most apprehen- 
sive about their condition and the prospect of 
an operation upon the heart does nothing to 
lessen their degree of agitation. More than 
usually important is the establishment of good 
rapport between the patient and his physicians. 
To allay anxiety a very detailed explanation of 
the clinica] routine to be followed is given to 
the patient and his cooperation is requested. 
The use of preoperative and postoperative oxy- 
gen to facilitate the work of the heart is described 
so that the patient is not alarmed by this routine. 
As Brofman and his associates’® have pointed 
out, tachycardia in coronary heart disease may 
have disastrous consequences; for, as the rate 
increases, the heart is called upon to perform 
more work without a corresponding increase in 
coronary flow, which may even decrease as the 
diastolic flow rate is compromised by the tachy- 
cardia. The whole sequence of explanation, 
premedication and organization is so arranged 
that any undesirable emotional upset is avoided. 
On the night before surgery a good night’s 
rest for the patient is assured by an adequate 
order of hypnotic. 
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PREMEDICATION 

We have found that suitable sedation is given 
by the combination of a small dose (100 mg.) 
of secobarbital (Seconal®) given intramuscularly 
two hours before surgery, followed by meperi- 
dine (Demerol®) (75 to 100 mg.) with scopol- 
amine (0.4 mg.) an hour later. Should hypo- 
tension result from this dosage, the operation 
should be postponed and suitable alternative 
medication prescribed. Since preoperative 
anxiety and agitation are to be avoided at all 
costs, undermedication is also a danger. It is 
particularly important that the senior anesthesi- 
ologist in charge of the case be afforded the 
opportunity to see and evaluate each patient 
well in advance of surgery. 

Careful scheduling will eliminate the need 
for the patient to wait in the operating room 
for anesthesia to start. Since Vineburg et al.'4 
have reported the occurrence of further in- 
farcts at this late stage, the patient is questioned 
about the presence of anginal pain on his arrival 
in the operating room. If, as is often the 
case, he is accustomed to having nitroglycerin 
tablets at hand for sublingual use, these are 
taken to the operating room with him. From 
then on, the maintenance of ful] oxygenation 
and normal blood pressure is the primary aim at 
every step throughout the procedure. 


INDUCTION OF ANESTHESIA 


On entering the operating room, the patient 
is given oxygen to breathe and assured that 
this is the routine we had described previously, 
not because anything is wrong but rather to 
assist the heart and to make our work easier. 
A 16-gauge Rochester plastic cannula is inserted 
into a suitable vein in the left forearm under 
local anesthesia and intravenous infusion of 5 
per cent dextrose in water is begun. Though 
blood is rarely needed for the Beck I operation, 
it is vital to have a ready route to administer 
restorative drugs. The sphygmomanometer 
cuff is also placed on the left arm and a base-line 
blood pressure reading is obtained. Anesthesia 
is carefully induced with a small dose (75 to 
250 mg.) of 2 per cent thiopental (Pentothal®). 


Though the depressant action of thiopental 


sodium on the circulation is undesirable in the 
presence of an impaired myocardium, the 
emotional upset or physical hyperactivity which 
might occur during an inhalation induction is 
even more to be feared. Once the patient is 
asleep, a fully paralyzing dose (60 to 100 mg.) 
of succinylcholine (Anectine®) is administered. 
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The lungs are inflated briefly with oxygen, the 
trachea is sprayed with 4 per cent cocaine or 
other suitable topical analgesic and a cuffed 
endotracheal tube is placed in position. Suffi- 
cient apparatus is readily available to assure a 
rapid and smooth endotracheal intubation. 
We always prepare several suitable sizes of 
tube, ready-lubricated, and Macintosh and 
Guedel laryngoscopes together with Magill 
intubating forceps and an endotracheal tube 
stylet. Any difficulty causing delay in intuba- 
tion demands a further period of inflation with 
oxygen before another attempt is made. Nei- 
ther the intubation nor the maintenance of 
this anesthesia is, we believe, a correct time for 
the neophyte to gather experience. Once 
intubation is satisfactorily completed, a me- 
chanical ventilator and a closed circuit carbon 
dioxide absorption system is used to provide 
automatic control of respiration. This frees 
the anesthesiologist’s hands for other important 
duties. Adequate ventilation is of such im- 
portance that, if an_ efficient mechanical 
ventilator’® is not available, an assistant must 
be provided. 

When the patient’s blood pressure appears 
to be satisfactory, he may be turned into the 
right lateral position. Both the induction of 
anesthesia and the positioning of the patient 
often cause the blood pressure to fall. If it does 
not return spontaneously to a satisfactory level 
within a few minutes, a dose of mephentermine 
(7.5 to 15 mg.) is given intravenously. This 
should cause a well sustained restoration of the 
pressure. If it does not, it is advisable that 
the operation be abandoned at once and the 
patient returned to the recovery ward to await 
a decision on future plans. In spite of the dis- 
ruption of arrangements and the natural dis- 
appointment of all concerned, experience sug- 
gests that it is foolhardy to proceed with the 
operation under the circumstances just de- 
scribed. Hypotension uncontrolled at a later 
stage of the operation may lead to a further 
infarction with a probably fatal result. Hence- 
forth, the blood pressure is measured and re- 
corded after every phase of surgery, after every 
abnormality of cardiac activity and at intervals 
of not less than five minutes. A fall of more 
than 20 mm. Hg calls for the administration of a 
suitable vasopressor. We find that our patients’ 
blood pressures run at a consistently higher 
level than the preoperative, probably because 
we overcorrect in our anxiety to avoid any 
prolonged hypotension. 


MAINTENANCE OF ANESTHESIA 

The importance we attach to high oxygen 
atmospheres and the maintenance of adequate 
tidal exchange during this surgery has led to 
our choice of cyclopropane or diethyl ether in 
analgesic quantities, together with muscle 
relaxants and mechanically controlled respira- 
tion for these cases. The addition of 5 to 10 
per cent cyclopropane or minimal ether vapor 
to a mixture of equal parts of nitrous oxide- 
oxygen has been found to provide light planes 
of anesthesia adequate for our needs. Should 
respiratory or other movements prove trouble- 
some, suitable doses of muscle relaxants are 
used. 

It may be thought unwise to employ cyclo- 
propane, with its reputation for producing 
arrhythmias, in operations upon the heart 
when the myocardium may be more than usually 
irritable. Lurie and his colleagues'’® have 
shown that arrhythmias only occur spontane- 
ously at much higher cyclopropane concen- 
trations than those we have employed, or when 
the carbon dioxide level is allowed to rise. 
Our experience would suggest that there is 
little to choose between light ether and light 
cyclopropane anesthesia from the standpoint 
of arrhythmias although ether ‘is liable to 
produce an undesirable tachycardia.” How- 
ever, cyclopropane maintains the blood pres- 
sure much more efficiently by its marked action 
on the sympathetic nervous system, liberating 
norepinephrine. Also, should it prove necessary 
to give vasopressors, the full effect will be ob- 
tained; whereas, during ether anesthesia the 
effectiveness of the vasopressor may be impaired 
by the direct blocking action of ether.’ This 
combination of inhalation agents has the ad- 
vantage of a much more prompt recovery from 
anesthesia than the method we often employ for 
thoracic surgery, which combines intermittent 
doses of meperidine (Demerol) and muscle 
relaxants with the same mixture of nitrous 
oxide-oxygen.'* The possible depressant ac- 
tion of meperidine upon the vasomotor tone 
during surgery and the possibility of delayed 
return of consciousness make this method un- 
suitable for the Beck I operation. 

Should further doses of muscle relaxant be 
necessary after intubation, either succinylcholine 
or d-tubocurarine chloride are satisfactory. 
It is inadvisable to give further doses of d-tu- 
bocurarine chloride toward the end of surgery 
lest the effect persist beyond the period for 
which it is required. We have had occasional 
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difficulties with arrhythmias when using atropine 
and neostigmine as an antagonist to curare. 

Though our use of succinylcholine might be 
open to the theoretic objection that prolonged 
postoperative apnea!® from a cumulative effect 
is as great a risk with this relaxant as with 
curare, in practice we have given succinylcholine 
in intermittent doses only on occasion to control 
unwanted respiratory activity. Gallamine tri- 
ethiodide (Flaxedil®) has not been employed, 
for it was felt that the tachycardia often pro- 
duced would increase the load upon a heart 
whose coronary flow was incapable of increase 
and would make the surgeon’s work upon the 
heart more difficult. 


TERMINATION OF ANESTHESIA AND RECOVERY 


The surgeon performs an intercostal block 
before closing the chest. The injection of 12 cc. 
of 0.33 per cent tetracaine (Pontocaine®) into 
the intercostal nerves where they lie visible 
within the chest, covered only by parietal 
pleura, provides excellent analgesia of the 
chest and makes unnecessary deeper anesthesia 
for closure of the chest wound. 

As the surgeon completes closure of the skin 
wound, the anesthetic gases are turned off and 
high percentages of oxygen (60 to 70 per cent) 
with helium are given. The lungs are fully 
inflated by hand with this mixture until the 
cessation of bubbling from the under-water seal 
drainage bottle indicates that most of the air has 
been expelled from the pleural space. 

Our surgical colleagues agree with us in 
stressing the importance of completing the 
operation without undue waste of time. At 
the end of anesthesia, nasopharyngeal and 
tracheobronchial suction is carried out to re- 
move any secretions that may have accumu- 
lated, care being taken to avoid any hypoxia 
from unduly prolonged suction. Should breath- 
holding, coughing, bucking or laryngeal spasm 
give rise to suspicion of underventilation at this 
time, further oxygen should be given by manual 
inflation, using a face mask. The patient is 
lifted from the operating table into his bed 
very carefully and gently, for a serious fall in 
blood pressure may occur if he is roughly 
handled. Nasal oxygen via a catheter is com- 
menced in the operating room if the recovery 
room is not immediately adjacent. The laryn- 
goscope and endotracheal tube, that have been 
found to be suitable for this patient, are trans- 
ferred with him and kept by his bedside in the 
recovery room. Humidified oxygen via the 
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catheter is continued at a flow rate of 4 to 5 
liters per minute for as long as it is deemed 
necessary. A special duty nurse is assigned to 
the patient to record his pulse rate, blood pres- 
sure and respiration at frequent intervals. 
When a patient has presented difficulty during 
surgery or anesthesia or when postoperative 
problems are anticipated, the anesthesiologist 
should be immediately available. Familiarity 
with the steps in cardiac resuscitation” is 
essential for all members of the team as 
well as for those who may take over their 
responsibilities later in the day. Our experi- 
ence has been that if trouble has been avoided 
during anesthesia and surgery, serious difficul- 
ties are unlikely to occur postoperatively. 


RELIEF OF PAIN 


The intercostal block performed by the surgeon 
before closing the chest generally eliminates the 
discomfort from the incision, but the surgical 
procedure performed upon the pericardium 
appears to give rise to a good deal of deep- 
seated pain within the chest. For the im- 
mediate relief of this we have given repeated 
small doses (12 to 25 mg.) of meperidine in- 
travenously until the patient is comfortable. 
Further doses (50 to 75 mg.) can be given in- 
tramuscularly as required, a careful watch 
being maintained on the blood pressure through- 
out. A tumultuous postoperative period is 
undesirable and, though some patients have 
required quite large total amounts of meperi- 
dine to relieve their pain, we have not hesitated 
to administer it provided that the blood pressure 
was well maintained. The anesthetic method 
described provides rapid return of consciousness 
with little persistent analgesia so that the pa- 
tient’s cooperation in deep breathing and 
coughing can be obtained quite early. To 
promote full aeration of the lungs and prevent 
atelectasis, the patient is turned from one side to 
the other at fairly frequent intervals and is 
instructed to cough and take deep breaths. 

Fortunately, atelectasis has not been a prob- 
lem in these cases. Should it occur, however, 
coughing, light percussion on the chest and, 
finally, endotracheal suction should be employed 
if rapid re-expansion of the lobe does not occur. 


MAINTENANCE OF BLoop PRESSURE 


The rigid and inflexible nature of the coronary 
arteries, which have already diminished the 
flow of blood to the myocardium, leaves the 
patient with coronary heart disease extremely 
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vulnerable to any fall in blood pressure with 
its associated reduction in coronary flow rate. 
Suitable vasopressors should, therefore, be on 
hand and ready for use. Of the large number 
available, four may safely be used during cyclo- 
propane anesthesia without danger of ventric- 
ular tachycardia and fibrillation. They are: 
mephentermine (Wyamine®), methoxamine 
(Vasoxyl®), phenylephrine (Neo-synephrine®) 
and metaraminol bitartrate (Aramine®). 

Burn and Rand” have divided the vasopres- 
sors into three groups, depending upon their 
mode of action. One group, including epi- 
nephrine, norepinephrine and phenylephrine, 
exerts a direct action on the vessel wall and has 
a brief action unless given continuously in a 
dilute infusion. Because of their direct action 
on the vessels, these drugs are still effective in 
patients treated with reserpine’: or the pheno- 
thiazine derivatives.”! 

At the opposite end of the spectrum are the 
amine oxidase inhibiting compounds, such as 
ephedrine and probably mephentermine, which 
Burn and Rand" suggest produce their more 
prolonged effect by mobilizing norepinephrine 
from depots in the vessel wall. As reserpine 
eliminates epinephrine and _ norepinephrine 
from the tissues, the ephedrine-like vasopressors 
are ineffective after reserpine has been given. 

An intermediate group, which appears to 
Possess some direct action on the vessels and 
also some of the long-acting properties of the 
ephedrine group, includes metaraminol and 
methoxamine. These two compounds are al- 
most as effective as norepinephrine and pheny]l- 
ephrine in patients receiving reserpine or the 
phenothiazines. 


Mephentermine is the drug which has given 


the most consistently good results in our hands. 
Tachyphylaxis may occur whan small doses are 
used; but when it is given promptly and in 
adequate dosage, this has not been a problem. 
The dosage we have used ranged from 10 to 30 
mg. intravenously, repeated as necessary, often 
combined with 30 to 60 mg. given intramuscu- 
larly. Mephentermine produces a pressor ef- 
fect by increasing the contractility of the myocar- 
dium” and, at the same time, increasing the 
coronary blood flow.’4*® Though purported 
to increase the total peripheral resistance,”® 
its predominant peripheral action is now known 
to be vasodilatation.?’ In larger doses, it has 
a useful antifibrillatory effect and can prevent 
epinephrine-provoked ventricular fibrillation 
in dogs during cyclopropane anesthesia.”* Bern- 


stein et al.?® found that, in doses of 60 mg. given 
intravenously, mephentermine terminated ar- 
rhythmias associated with shock in myocardial 
infarction before it restored the blood pressure 
to normal. Oppenheimer and his colleagues* 
attribute this action of mephentermine to a 
shortening of the refractory period and a de- 
crease in the conduction time. 

Phenylephrine produces peripheral vasocon- 
striction and reflex bradycardia. It does not 
stimulate the contractile force of the heart and 
the cardiac output is reduced. When, oc- 
casionally during surgery, a satisfactory response 
cannot be obtained from repeated intravenous 
doses of 30 to 40 mg. of mephentermine, it is 
evident that a grave situation exists similar to 
the “‘cardiac shock” seen in myocardial in- 
farction. The cause may be mechanical from 
a poorly placed retractor or from the elevation 
necessary to permit insertion of the coronary 
sinus suture. A period of rest to permit full 
inflation of the lungs with oxygen is usually 
effective in the latter instances. In other cases, 
provided that no fresh and extensive coronary 
occlusion has occurred, an infusion of phenyl- 
ephrine (10 mg. in 500 cc. of 5 per cent dextrose 
in water) or norepinephrine (4 mg. in 1,000 
cc. solution) if cyclopropane is ndét in use, will 
usually restore an adequate blood pressure. 
Although Price et al.*! have shown that effective 
concentrations of norepinephrine may be used 
with reasonable’ safety during cyclopropane 
anesthesia, we have used it only occasionally 
during ether anesthesia or during the postopera- 
tive period. Should tachyphylaxis develop after 
norepinephrine has been given for some time, 
Burn’s experiments’ would suggest that the 
sensitivity of the vascular bed to the drug can 
be restored by doses of ephedrine, which will 
mobilize norepinephrine from the depots in 
the vessel wall. 

Methoxamine produces its pressor effect by 
peripheral vasoconstriction which is accompa- 
nied by reflex bradycardia. Methoxamine does 
not increase the contractile force of the heart; 
in fact, Gilbert et al.* state that it depresses 
the electrical properties of the cardiac muscle, 
prolonging the ventricular action potential, 
the refractory period and the auriculoventricular 
conduction time. We have not used it in our 
present work. 

Metaraminol has not yet been employed in our 
coronary surgery cases although we have found 
it most effective in other operations. It would 
appear to be a good alternative to phenyl- 
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ephrine when tachyphylaxis to mephentermine 
develops.‘ Satisfactory results have been re- 
ported following its use in the shock of myocar- 
dial infarction. Repeated doses may be given 
without the development of tachyphylaxis. 
Although Livesay and his associates** found 
that metaraminol had no effect on cardiac out- 
put, Sarnoff et al.*® reported that in experimen- 
tal cardiac ischemia the drug increased myocar- 
dial contractility and raised cardiac output 
without requiring increased coronary flow per 
unit of ventricular work. West and his asso- 
ciates**'?> also found an increase in coronary 
flow on direct injection and an increase in the 
force of contraction. 

It would appear that the most satisfactory 
results during surgery on patients with coronary 
heart disease can be expected from vasopressors 
similar to mephentermine and metaraminol 
which stimulate the heart in addition to their 
peripheral effect, unlike methoxamine which 
has a purely peripheral action. Experimental 
studies have shown a rise in oxygen tension 
in the ischemic myocardium, a reduction in 
left atrial pressure and improved emptying of 
the left ventricle .when drugs having a stimula- 
tory effect on the heart have been used.” 


MONITORING 


Blood Pressure and Pulse Rate: We have found 
that, provided the blood pressure is main 
tained at satisfactory levels, the conventional 
method of observing this by auscultation with 
a brachial stethoscope has proved satisfactory. 
If preferred, there is no reason why this may not 
be recorded electronically, using a pressure 
transducer. Anesthesiologists should beware 
of counting the pulse from the carotid artery, 
for stimulation of the carotid sinus may precip- 
itate episodes of bradycardia or even cardiac 
arrest. In view of the varieties of arrhythmia 
which may be anticipated during the handling 
of the heart, the pulse rate should be counted 
from the electrocardiogram on the oscilloscope. 
Electrodes are normally attached to all four 
limbs to provide a choice of electrocardiographic 
leads for observation by the cardiologist and 
anesthesiologist. In view of the need to moni- 
tor the electrocardiogram throughout surgery, 
diathermy cautery is never employed. The 
presence of numerous metal surgical instru- 
ments close to the heart and the alteration of 
its axis when it is displaced produce numerous 
artifacts in the electrocardiogram which must 
be distinguished from significant changes. We 
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have found it helpful to have the preoperative 
electrocardiographic tracings visible through- 
out surgery. 

Electrocardiographic Changes: As the abrasion 
of the myocardium proceeds, the S-T take-off 
usually rises and the voltage diminishes. When 
the surgeon commences his manipulation of the 
heart, he usually sees groups of two or three 
premature ventricular contractions; but as the 
heart becomes conditioned to surgical handling, 
these beats usually become less frequent. 
Should these small groups progress into ‘‘runs”’ 
of premature ventricular beats, this is an indi- 
cation for halting surgery and re-expanding 
the lungs to assure full oxygenation. In the 
majority of our cases, this is all that has been 
necessary to restore the status quo. This prob- 
lem is particularly prone to occur when the 
heart is dislocated forward out of the pericardial 
sac to permit examination of its posterior sur- 
face and placement of the coronary sinus 
suture. When the heart proves to be too 
irritable to permit this maneuver, the surgeon 
may decide to omit it rather than run the risk 
of precipitating ventricular fibrillation. 

Antonius’ has drawn attention to the serious 
significance of left bundle branch block de- 
veloping during anesthesia and suggests that 
this usually presages the onset of ventricular 
fibrillation. He advocates termination of the 
operation without delay should this occur. 


MANAGEMENT OF ARRHYTHMIAS 


Ventricular Fibrillation: It has been extremely 
rare in our experience for ventricular tachy- 
cardia to progress to ventricular fibrillation. 
Should this happen, however, cardiac massage 
and ventilation with 100 per cent oxygen must 
be instituted at once to maintain the oxygena- 
tion of the brain. If performed effectively, 
cardiac massage should produce a pulse and 
blood pressure that can be recorded in the arm. 
Electrical defibrillation is usually required to 
restore a normal rhythm and this may fail if 
the tone of the myocardium is poor. The 
intracardiac injection of epinephrine (5 cc. 
of 1:10,000 solution, repeated if necessary) 
will normally produce a marked increase in 
tone and greatly increase the effectiveness of 
the defibrillation. 

Electrical defibrillation stimulates not only 
the myocardium but also the skeletal muscula- 
ture. It may provoke such severe convulsive 
movements that there is a real danger, especially 
in the elderly patient, of a fracture or disloca- 
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tion. For this reason a small dose of succinyl- 
choline (20 to 50 mg.) should be injected a 
few moments before the defibrillator is used. 
Though we have given this intravenously, it 
would seem more sensible to use the intracardiac 
route when the peripheral circulation is im- 
paired. 

Procaine Amide: ‘The majority of arrhythmias 
may be traced to inadequate oxygenation and 
carbon dioxide accumulation, due either to 
underventilation or hypotension. Lurie and 
his colleagues'* have clearly demonstrated, dur- 
ing cyclopropane anesthesia, arrhythmias that 
may be produced by allowing the carbon dioxide 
level to rise. To obtain adequate access, it is 
necessary for the surgeon to retract the lungs 
out of his operative field; in so doing, he limits 
the expansion of the lungs and reduces the vital 
capacity. The persistence of ventricular pre- 
mature beats in spite of a period of full ventila- 
tion suggests that the use of procaine amide be 
considered. There is much divergence of 
opinion as to the usefulness of procaine amide. 
Johnson and Kirby** have abandoned its use 
in the prevention of cardiac arrest, but Brofman*! 
is of the opinion that it may occasionally be use- 
ful in the presence of myocardial ischemia. 
It has been suggested by Joseph et al.*” that 
procaine amide diminishes the oxygen re- 
quirements of the ventricular muscle and the 
conductive system and reduces the irritability 
of the ventricle by increasing its utilization of 
the available oxygen. Procaine amide may 
easily produce a fall of blood pressure and one 
may exchange multiple ventricular extra beats 
for an atonic heart with profound hypotension. 
Bellet et al.** suggest that under these circum- 
stances molar sodium lactate may be helpful; 


We remain unimpressed by the efficacy of 


procaine amide and have, on occasion, had 
cause to regret using it. 

Procaine: Although the topical application of 
procaine to the heart before handling it was 
formerly in vogue,*® its use has now been aban- 
doned. Black and Harken*® are of the opinion 
that the heart soon adapts itself to handling. 
It would seem that there is little point in using 
such a potentially toxic drug for such a tem- 
porary benefit. 

Alterations in Heart Rate: Routine digitaliza- 
tion has been carried out on most patients 
subjected to coronary artery surgery. Brof- 
man“! feels that this reduces the irritability of 
the myocardium and diminishes ventricular 
arrhythmias during surgery. Our experience 


tends to confirm this. When surgery has 
provoked tachycardia, a supplementary dose of 
a rapid-acting digitalis compound may be 
given. Desacetyl lanatoside C (Cedilanid®), 
in a dose of 0.4 mg. given intravenously, 
has usually slowed the pulse within ten to twenty 
minutes. When it was felt that a more rapid 
response was required, we have used neostig- 
mine (Prostigmine®) in doses of 1 to 2 mg. 
The other action of neostigmine on the neuro- 
muscular junction antagonizes the relaxant ef- 
fect of any curare which may have been used. 
Additional quantities of anesthetic agent are 
then required. 

Bradycardia, when it has been seen, has oc- 
curred in the early stages of the operation and 
has been treated by intravenous atropine in 
doses of 0.1 to 0.2 mg. These doses can be 
repeated if necessary. As tachycardia can so 
easily jeopardize the already restricted flow of 
blood to the myocardium, atropine should be 
used cautiously. Its use has been found to be 
effective in the abolition of the bradycardia 
produced by methoxamine or phenyleph- 


Prevention of Arrhythmias: Recent work by 
Taylor and Watson“ suggests that induction of 
anesthesia with hydroxydione (Viadril®) may 
have a place in the prevention of arrhythmias 
in cardiac patients. In their experiments this 
agent was able to prevent the occurrence of 
epinephriné-evoked arrhythmias in dogs anes- 
thetized with cyclopropane. ‘Though the dos- 
ages that they used (equivalent to 3.5 to 7 gm. 
in a 70 kg. patient) were higher than those 
commonly employed in clinical anesthesia, it is 
possible that some protection against arrhyth- 
mias might still be afforded at the more usual 
dosage level (0.5 to 1.5 gm.). 

We routinely prepare, ready for instant use, 
suitable doses of mephentermine, atropine and 
neostigmine. The other cardiac drugs are 
also on hand and ready for immediate use. 

Underventilation and hypotension are the 
most frequent causes of trouble and must be 
avoided at all costs. Such difficulties as we 
have had usually commenced with sudden hy- 
potension which, failing prompt correction, 
has progressed to serious arrhythmia. In our 
(fortunately) somewhat limited experience with 
ventricular fibrillation, it has rarely been pos- 
sible to restore normal cardiac function once 
fibrillation has supervened during the opera- 
tion. The only successful course then is 
prevention. 


THE AMERICAN JOURNAL OF CARDIOLOGY 


fi 
% 
en 
* 
etc 
ay 
it 
i 
ats) 


Anesthesia in Operations for Coronary Disease 735 


SUMMARY 


The vast increase in coronary heart disease 
has driven many surgeons to attempt its relief 
by surgical means, presenting the anesthesiolo- 
gist with formidable problems. The patient 
likely to derive the most benefit is the one who 
has angina without marked reduction in the 
total blood inflow. About six months should 
be allowed after infarction before surgery is 
attempted. 

Excitement and anxiety must be minimized 
by sedation. Phenothiazines, reserpine and 
iproniazid impair the patient’s response to 
many vasopressors used during surgery and 
should be avoided. 

Anesthesia is so conducted that excitement is 
minimal, oxygenation and CO; removal is 
efficient and hypotension is avoided. The 
effect on the patient’s response to vasopressors 
must be considered in the choice of the anes- 
thetic agents. Light cyclopropane or light 
ether anesthesia is satisfactory, but the blood 
pressure is better sustained and vasopressors 
are more effective with cyclopropane. Me- 
phentermine has been the vasopressor most 
frequently used. Metaraminol, phenylephrine 
and norepinephrine have occasionally been 
required in an emergency. Hypotension, which 
fails to respond adequately to rest and vaso- 
pressors, is of grave significance and requires 
that surgery be cancelled or terminated without 
delay. 

Arrhythmias, frequent when the pericardium 
is first opened, become less so as the heart 
becomes inured to handling. Any arrhythmias 
that persist usually respond to a period of rest 
from surgical stimulation with full expansion 
of the partially collapsed lungs to ensure good 
COs, clearance and oxygenation. 
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Anesthetic and Metabolic Factors 
Associated with Combined Extracorporeal 


Circulation and Hypothermia’ 


C. R. STEPHEN, M.D., SARA J. DENT, M.p., W.C. SEALY M.D., 
and K. D. HALL, m.p. 


Durham, North Carolina 


SX THE introduction of extracorporeal 
circulation for cardiac surgery,' there 
have persisted many unsolved problems related 
to this technic. Metabolic changes occurring 
during extracorporeal circulation,’ etiologic 
factors associated with ventricular fibrillation 
and management of the critical postoperative 
period* are three of the more important out- 
standing difficulties. 

This report is based on our experience with 
180 patients who were subjected to extra- 
corporeal circulation for correction of intra- 
cardiac defects and vascular lesions within the 
last three years (Table 1). As noted in an 
earlier report,’ all these patients have been 
exposed to variable degrees of induced hypo- 
thermia during the operative procedure. In 
the earlier patients, external methods of cool- 
ing were employed. More recently, cooling 
and rewarming have been accomplished by 
means of a blood heat exchanger which has 
been connected in series with the pump oxy- 
genator on the arterial side of the pump.°® 
In approximately twenty-five patients the 
esophageal temperature has been lowered to 
18° to 10°c., producing cardioplegia which 
has allowed definitive repair of ventricular 
septal defects. This paper reviews some of the 
anesthetic factors and physiologic variables 
encountered in these patients. 


PREOPERATIVE PREPARATION 


Obviously, many of these patients are poor 
surgical risks. Those with congenital cyanotic 
heart disease present the greatest problems. 
Explanations are given to older children 
concerning what to expect when they come to 


the operating room and the more intelligent ones 
are coached on the necessity for adequate 
respiratory exchange and coughing procedures 
in the postoperative period. The reasons for 
oxygen tents, Croupettes and possible tra- 
cheotomy with positive pressure apparatus are 
explained carefully in an effort to reduce fear 
and apprehension. 

Preanesthetic medication has been a prob- 
lem in the more critical patients. Individ- 
ualization is practiced. Certainly, the very 
apprehensive patients require sedation, and 
moderate dosages of secobarbital or meperidine 
are usually administered about thirty minutes 
before they are brought to the operating 
room. The less apprehensive patients receive 
smaller doses of sedatives or none at all. The 
question of whether or not to administer an 
anticholinergic drug has created differences of 
opinion in our group. In patients with limited 
cardiac reserve, one does not wish to induce 
tachycardia; on the other hand, secretions in 
the upper respiratory tract can be a real prob- 
lem in many of these patients. At the present 
time, the belief is that small doses of scopolamine 
are beneficial to the majority of patients. 


INDUCTION AND MAINTENANCE 


Choice of anesthesia is limited by the fact 
that cautery is employed throughout the op- 
eration. In infants, when a vein is not available, 
induction may be accomplished with cyclo- 
propane or an endotracheal tube may be 
inserted when the patient is awake. Whenever 
a vein is open (and sometimes cutdowns are 
done prior to induction), an ultra short- 
acting barbiturate (thiamylal sodium) is ad- 


*From the Divisions of Anesthesia and Thoracic Surgery, Duke University Medical Center, Durham, North 


Carolina. 


OCTOBER 1960 


737 


‘ 
| 
| 
ian 
if 
AP 
. 
| 
ae 
i 
i 4 
t 
| 
Sor 
‘ab 
Ms 
* 
|| 
é 


738 Stephen, Dent, Sealy and Hall 


TABLE I 


Surgical Operations Performed with Extracorporeal 
Circulation and Hypothermia 


Patients Deaths 
(no.) Diagnosis (no.) 
52 Interatrial septal defects 0 
35 Ventricular septal defects 11 
35 Tetralogy of Fallot 11 
17 Mitral valvular disease 5 
13 Pulmonic stenosis 0 
12 Aortic stenosis 2 

4 Anomalous pulmonary ven- 
ous drainage 1 
4 Complete transposition 4 
1 Aortic insufficiency 1 
1 Ductus and coarctation 0 
1 Left ventricular aneurysm 1 
3 Aortic aneurysms 2 
1 Atrioventricular canal 1 
1 Intra-atrial myxoma 0 
Total 180 39 (21.6%) 


ministered to produce sleep and then nitrous 
oxide and oxygen are administered. After 
three to four minutes, a single dose of suc- 
cinylcholine is administered intravenously, 
the larynx is exposed, a topical analgesic 
solution (5 per cent hexylcaine) is sprayed 


’ into the tracheobronchial tree and a suitable 


intratracheal tube is introduced. Anesthesia 
is maintained with nitrous oxide and 30 to 40 
per cent oxygen. Thiamylal sodium is added 
in smal] amounts to maintain hypnosis as 
required and succinylcholine in 0.1 per cent 
concentration is administered as a drip as 
needed to assist in preventing spontaneous 
respiratory activity. 


Perhaps of more importance than the choice 


of anesthetic drugs and the maintenance of 
light planes of anesthesia is the provision of 
adequate ventilation during these procedures.*® 
Frequently, patients with congenital cyanotic 
heart disease have some degree of respiratory 
acidosis preoperatively.’ In these patients in 
particular, but in other groups as well, we 
believe that it is important to provide a degree 
of hyperventilation whenever possible during 
operation. If metabolic acidosis does occur 
during extracorporeal circulation and hypo- 
thermia (and there is good evidence to suggest 
that it does), the prevention of respiratory 
acidosis is a worthwhile endeavor. The relative 
alkalosis probably also increases the oxygen- 
carrying capacity of the blood.? In any event, 


it has been our policy to try to hyperventilate 
every patient and to maintain manual control 
of respiratory activity until the closing moments 
of the operative procedure. Figure 1 is the 
anesthetic record of a ten year old boy with 
tetralogy of Fallot who underwent surgical 
repair of an infundibular stenosis and ventricular 
septal defect. Over a period of about six hours 
he received thiamylal sodium, 500 mg., nitrous 
oxide and oxygen at flow rates of 4:2 or 
3:1.5 L. per minute and_ succinylcholine, 
270 mg. He was awake at the end of the pro- 
cedure. 


HYPOTHERMIA AND CARDIOTOMY 


Since the heat exchanger has been utilized, 
hypothermia has been induced only after all 
preparations for the definitive procedure have 
been completed. Then the extracorporeal 
circulation is started and the inflow blood, 
already cooled, reduces the body temperature 
rapidly. From this point to the end of the 
procedure, little or no anesthesia is required, 
as the reduction of metabolism associated with 
the cooling provides in itself a state akin to 
anesthesia. Figure 2 is a record of a sixteen 
year old girl undergoing repair of ventricular 
septal defect and infundibulectomy for cor- 
rection of a tetralogy of Fallot. Note that there 
is a wide gradient between the recorded rectal 
and esophageal temperatures. This spread is 
usual when the cooling is rapid and is probably 
dependent upon the relative amount of blood 
flow to various parts of the body. The im- 
portant temperature tor cardiac procedures is 
believed to be that recorded in the esophagus, 
since it most accurately reflects the temperature 
of the heart. 

When the temperature reduction has reached 
a suitable level, i.e., for ventricular septal 
defects when the cardiac rate is reduced 
markedly or when cardioplegia occurs, the 
superior and inferior venae cavae are oc- 
cluded, the flow rate from the pump is 
reduced and the definitive surgery begins. 
Just before occlusion of the venae cavae, a 
moderately large single dose of succinylcholine 
is injected intravenously. In ‘most instances, 
this dose will prevent spontaneous movement 
of the diaphragm during the period of occlusion. 
If it does not, an additional amount may be 
added through the pump. Early in our experi- 
ence D-tubocurarine was utilized at this time, 
but it was soon discarded because its relaxant 
action often persisted into the recovery period. 
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PULSE Rese START ANES or END ANES CHANGE CANISTER a 
+ 240 
3 j +4 oe w 
24 D ay 
200 
37 
AGENTS 
' Anectine 40 mg. & 20 mg, IV, ° Defibrillation 0.1 sec/185 V. » Surital 2% - 500 mg. 
Cyclaine intratrach, and Protamine 40 mg. IV. slowly N20/03:4/2 °3/L5 
pharyn eal spray Trach  g)intub, 60 
'‘Endotracheal intubation » Tracheotomy Anectine€| drip 130 
‘Whole blood pump 80 
‘ 270 mg 
‘Heparin 33.5 ma, IV, " 
Anectine 80 mg, IV, 


Fic. 1. Anesthetic record of ten year old boy with tetralogy of Fallot who underwent 
repair of infundibular stenosis and closure of ventricular septal defect. Rectal tempera- 


ture is recorded (top dotted curve). 


er pulse START ANES. x start oF END ANES CHANGE CANISTER 
| 
+ 
38 
36 240 
ashe 
Li + 200 
44-44 4-4 4 4 4-4 +4 + + 
30 180 
4 + + 4 4 + 4-4-4 +4 
4 + + + + = 4 + 4 a + + 
aol 
16 L 40 
i AGENTS 
' Intratracheal spray. » SVC cath, in 11:23 » Surital 520 mg, 
: Intubated, « Cooling 11:27 lp. N20-02 : 4-2 
» 500 cc, blood. » SVC & IVC occluded «. Anectine 750 mg. 
lo 
46,7 mg. Heparin. Cardiotomy-closing 12:11 
Femoral cath, in & connected. Heart stopped 11:44 
Pump on 11:18. Aorta occluded 11:47 open 12:09 
13, Protamine in 60 mg. 


Fic. 2. Anesthetic record of sixteen year old girl undergoing closure of ventricular septal 
defect and infundibulectomy for tetralogy of Fallot. Note gradient between rectal and 


esophageal temperatures (upper dotted curve). 


During ‘the period of occlusion the lungs are 
maintained quiescent and partially inflated 
with oxygen. 

Rewarming is also carried out by means of 
the heat exchanger and the extracorporeal 
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flow of blood is maintained until the esophageal 
temperature has reached approximately 33 
to 35°c. As might be expected, the rectal 
temperature during rewarming often lags be- 
hind the esophageal temperature. When the 
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TETRALOGY OF FALLOT 


E 71827 21 MONTHS 10-13-59 
8:30 POST-INDUCTION 11.15 INTERFERENCE CARDIAC 1.35 €.T. 33.9°C. 
R.T. 34.2°C. DUE 
T 33.4°C. 
EXPLORATION HEART 1.52 HEART 11.56 POST- EXPLORATION 12.05 PUMP ON. FLOW I ML../MIN. 
* Sore BLOOD LOSS REPU ACED COOLING E.T. 
12.10 FLOW 200 ML/MIN. 12.15 FLOW 200 ML_/Mi 12.26 FLOW 400 ML. 12.34 E.T. 34.0°C. 
E.T 24.2°C €.T 26.1°C. WARMING ET. 


12.36 tan. 
90/60 


13.00 POST-CALCIUM CHLORIDE 


a 13.30 ET 31.0°C. 


Fic. 3. Excerpts from continuous electrocardiographic and electroencephalographic recordings 
in twenty-one month old girl undergoing release of infundibular stenosis for a post-Blalock tetralogy 
of Fallot. Note: (1) effect on electroencephalogram of interference to cardiac outflow at 11:15, (2) 
effect of hemorrhage from heart during exploration at 11:49 and 11:52, (3) 12:10 sequence of effect 
of cooling to 24.2°c. with flow rate of 200 ml. per minute (electroencephalogram flattening due in part 
to low flow rate) (no cardioplegia), (4) 12:54 and 13:00, effect of administration of calcium chloride 


to restore cardiac function. 


extracorporeal circulation is stopped, the 
Therm-o-Rite warming blanket is usually 
connected to aid in the further rewarming of 
the patient. Nitrous oxide with oxygen usually 
suffices to keep the patient asleep and quiet 
until the end of the operative procedure. 


MONITORING PROCEDURES 


The electrocardiogram and the electro- 
encephalogram are monitored continually by 
means of an Edin Anesthograph or Grass four- 
channel recorder. A Cournand needle is placed 
in the radial or brachial artery so that the 
arterial pressure can be monitored directly 
while the pump is in use and in the postpump 
period when peripheral vasoconstriction often 
prevents the accurate measurement of cuff 
pressures. A two-channel oscilloscope per- 


mits the recording of any two of the three afore- 
mentioned parameters at any one time. Samples 
of arterial blood are also withdrawn at suitable 
intervals for the measurement of pH, pCO» and 
arterial oxygen saturation. Telethermometers 
are employed to record the rectal temperature, 
esophageal temperature, inflow and outflow 
blood temperatures and the temperature of the 
water circulating through the heat exchanger. 
Although the electrocardiogram serves many 
useful purposes, it possesses certain limitations 
of interpretation. Not the least of these is the 
fact that a near-normal electrical pattern may 
be present when cardiac output may be virtually 
nonexistent. On the other hand, we have 
found that the electroencephalogram is a very 
sensitive indicator of circulatory changes and/ 
or hypoxia which may develop suddenly. 
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£99844 7 YEARS VENOUS DRAINAGE — 


11.42 VENAE 149 
ML/MIN. ET 165°C. 

i 

; i 

12.05 PUMP OFF 2 MIN. 12.14 VENT. FIBRILLATION BEGINNING 


DEFIBRILLATION (1) AT 12.45 
Et 12.54 ET. 33.9°C 


11.55 ET. 10°C. 


11.52 FLOW 200 
123°C 
A A 
12.37 FLOW ML/MIN 12.42 FLOW ML/MIN. 
E.T 15.5°C. WARMING E.T. 23.0°C. 


; | | 


13.02 PUMP OFF B.P 65/50 15.00 CASE 130/790 


Fic. 4. Excerpts from continuous recording of electrocardiogram and electroencephalogram in seven 
year old boy undergoing correction of anomalous pulmonary venous drainage. Note: (1) cardioplegia 
at 11:49 (16.5°c.), (2) successful defibrillation at 12:47 (27.8°c.), (3) burst-suppression activity in 
electroencephalogram at 11:49 and 11:52, (4) flattening of electroencephalogram at 12:05 (11°c.). 


For example, Figure 3 demonstrates the 
result of interference to cardiac outflow due to 
manipulation of the heart and then the effect 
of sudden rapid hemorrhage from the heart 
during cardiac exploration. Only after ade- 
quate blood replacement did the _ electro- 
encephalogram return to normal. The elec- 
trocardiogram revealed no remarkable changes 
during the first episode and showed slowing and 
arrhythmia in the second episode only when 
hemorrhage had been present for several 
minutes. Note also in this patient that at 
12 : 54, when cardiac function was inadequate 
and massage was required to maintain output, 
the electrocardiogram was not nearly as 
revealing of dysfunction as was the electro- 
encephalogram. The administration of calcium 
chloride improved cardiac function and the 
electroencephalographic pattern. 

During the production of profound hypo- 
thermia, interesting changes may occur in the 
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electrocardiogram and electroencephalogram. 
As is well known, slowing of the pulse rate and 
slowing of cardiac conduction time occur with 
a progressive fall in body temperature. In 
certain patients, ventricular fibrillation develops 
somewhere between 28 and 23°c. As the 
temperature continues to fall, either a slow 
regular rhythm will reappear or cardioplegia 
will occur (Fig. 4). In other patients, ventric- 
ular fibrillation is not noted and the heart rate 
gradually slows down to zero. Cardioplegia 
usually occurs at an esophageal temperature 
between 18 and 10°c. Again, during the re- 
warming period, ventricular fibrillation may or 
may not occur. When it is noted, it may 
revert spontaneously to a normal rhythm at a 
higher temperature (Fig. 5) or electrical 
defibrillation may be required (Fig. 4). In 
our patients, not more than three shocks have 
been required to defibrillate the heart, except 
in one patient who had severe aortic regurgita- 
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— 99469 


100 MV. 


9 YEARS 


900 POST-INDUCTION R.T. 36.5°C 


1015 EXPLORATION HEART 


(YY 
Pp 
RT. 36.5°C. 


11,35. FLOW 700 ML/MIN. 11.38 FLOW 700 ML./MIN. 


25.0°C. E.T. 16.0°C. 


1158 FLOW 700 ML./ MIN. 
E.T. 25.2°C. 


1.54 WARMING. E.T. 205°C. 


12.07 E. T. 30.0°C 
ptt 7.31 100 


RAR LS 


1224 PUMP OFF IO MIN. 
E.T. 328°C. 106/60 


2.00 SPONTANEOUS REVISION 
VENT. FIBRILLATION 
E.T. 270°C. 


126 


13.24 POST-CEDILANID 0.7 MG. LV. 
E.T. 340°C 95/50 


Fic. 5. Excerpts from continuous recording of electrocardiogram and electroencephalogram in nine 


year old boy with tetralogy of Fallot undergoing revision of infundibular stenosis. 


Note: (1) rapid 


cooling with cardioplegia at 11:35 (25°c.), (2) spontaneous revision of ventricular fibrillation at 12:00 
(27°c.), (3) slow electroencephalogram pattern with placement of superior vena cava catheter at 11:15, 
(4) flat electroencephalogram at 11:32 (29.5°c.); etiology unknown, (5) satisfactory electroencephlo- 


gram only after pump off at 12:24 (32.8°c.). 


tion and a large heart that could not be de- 
fibrillated. The etiologic factors precipitating 


ventricular fibrillation are not known, but its’ 


abortion has not been a clinical problem. 

The electroencephalogram also reveals 
marked changes as profound hypothermia is 
induced. It is difficult to say to what extent 
these changes are due to alterations in cir- 
culatory dynamics, as pointed out by Theye 
et al.* (Figs. 3 and 5), and to what extent 
they are due to hypothermic reductions in 
metabolism; nor can we deduce that absence 
of electrical activity necessarily means absence 
of metabolism in the brain. However, we do 
believe that a flat encephalogram at a body 
temperature greater than 20°c. is not a coin- 
cidence and usually indicates disturbance. 
As the body temperature declines, electro- 
encephalographic activity slows and high volt- 


age waves become predominant (Fig. 4). 
At lower temperatures, burst-suppression ac- 
tivity appears and, eventually, at temperatures 
between 20 and 10°c., all activity ceases. 
During rewarming, activity reappears in some- 
what the reverse order. There has been no 
objective evidence of cerebral damage in any 
of our patients after being exposed to profound 
hypothermia. 


METABOLIC CHANGES 


Disturbances in acid-base balance that occur 
with extracorporeal circulation and hypo- 
thermia are the subject of much obscure and 
conflicting discussion. Metabolic acidosis has 
been reported in both situations.” In extra- 
corporeal circulation, the uneven or inadequate 
perfusion of organs is held to be a cause of 
the metabolic acidosis. It has been suggested 
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TABLE It 
Arterial Blood Findings in a Ten Year Old Boy* 


Rectal 
Data Temperature pH pco, Os Saturation 
(°c.) (%) 
Control 
(after induction) 37.0 7.41 38 92 
Pre-pump 35.8 7.56 29 93 
Cooling 25.3 7.57 27 100 
Cool 16.0 7.63 28 100 
End of case 37.0 7.23 24 96 
Postoperatively 
4 hrs. 37.0 7.30 
15 hrs. 37.0 7.30 
24 hrs. 37.0 7.40 


* Patient subjected to profound hypothermia (to 16°c.) for repair of infundibular stenosis and ventricular septal 


defect for tetralogy of Fallot (see Fig. 1). 


TABLE II 
Arterial Blood Findings in a Nine Year Old Boy* 


Rectal 
Data Temperature pH pCO: Os Saturation 
(%) 
Control (awake) 36.5 7.48 26 77 
Pre-pump 35.5 7.29 32 86 
Pump (warmin¢) 29.0 7.31 100 
End of case 35.0 7.23 36 82 
Postoperatively 
1 hr. 37.5 6.98 
6 hrs. 33,3 7.40 
7 hrs. 37.2 7.45 


* Patient subjected to profound hypothermia (16°c.) for revision of infundibular stenosis for tetralogy of Fallot 


(see Fig. 5). 


that, in hypothermia, ventricular fibrillation 
can be avoided by hyperventilation’® or con- 
versely, by artificially creating a greater degree 
of acidosis.' There even appears to be confu- 
sion regarding the accuracy or significance of 
measurements made at low temperatures.’ 

In the patients in this series there has been a 
wide range of pH and pCO: values noted from 
one patient to another. For example, Table 
11 illustrates the values, corrected for temperature 
variations, found in the patient illustrated in 
Figure 1. Table m1 indicates the findings in a 
more severe tetralogy of Fallot syndrome 
(Fig. 5) in which profound hypothermia was 
also induced. Figures 6 and 7 show the vari- 
ables encountered and the calculated averages 
in a group of twenty-one patients subjected to 
profound hypothermia. It may be inferred 
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from these tables that there is a trend toward 
the development of a metabolic acidosis as the 
operations proceed and that this trend is still 
present and perhaps more marked at the end of 
the procedure. To what extent the contrib- 
uting factors of extracorporeal circulation, 
hypothermia, inadequate lung perfusion, inad- 
equate alveolar ventilation and poor cardiac 
function after pumping are responsible for this 
acidctic trend is extremely difficult to deter- 
mine. This trend has also been present in 
patients whose body temperatures have not 
been reduced below 28 °c. 


POSTOPERATIVE CARE 


As experience mounts, it is becoming more 
evident that even the patients who are the 
poorest surgical risks often can be carried 
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ON PUMP : 


ENOOF postop. — 
! LOWEST TEMP CASE 
COOLING 


Fic. 6. Ventricular septal defects (below 30°c.). 
Graph to show range of pH estimations, with calculated 
averages, in twenty-one patients subjected to extra- 
corporeal circulation and profound hypothermia for re- 
pair of ventricular septal defects. ‘‘Control’’ estima- 
tions usually after establishment of anesthesia. 


through the operative procedure, but fail to 
survive the first forty-eight hours following 
surgery. More and more attention is being 
directed to this critical phase. The difficulties 
encountered may be grouped into four cat- 
egories: 

(7) Regulation of Blood Volume: With extra- 
corporeal circulation and the type of surgery 
involved, it is difficult to maintain an accurate 
estimate of total blood volume balance. Some 


groups of anesthesiologists rely upon the body | 


weight of the patient before and after op- 
eration,'’? whereas others find the measure- 
ment of venous pressure to be of value.” 
Toward the end of the operation, we rely upon 
the arterial blood pressure and venous pressure, 
along with measurements of blood input, output 
and loss, to determine the amount of blood re- 
placement required. Vasopressor drugs are not 
used. If the blood pressure falls, whole blood is 
administered and consideration is given to the 
administration of cardiac stimulating drugs, 
such as calcium chloride, digitalis compounds 
and isoproterenol. In the postoperative period, 
blood volume balance is watched closely. 
The principal factors taken into consideration 
are the arterial and venous pressures, blood loss 
into the chest drainage bottles and the arterial 


‘ COOLING 


postor 
‘ 


Fic. 7. Ventricular septal defects (below 30°c.). 
Graph to show range of pCO: estimations, with calcu- 
lated averages, in twenty-one patients subjected to extra- 
corporeal circulation and profound hypothermia for re- 
pair of ventricular septal defects. ‘‘Control’’ estimations 
usually after establishment of anesthesia. 


blood pressure. Vasopressor drugs are not used, 
except in emergencies, as they may confuse the 
total picture. 

(2) Pulmonary Function: It is in this area of 
therapy that we believe anesthesiologists can be 
of great help in maintaining patients through 
a critical period. A number of factors may be 
preventing adequate respiratory exchange in the 
immediate postoperative period: (a) anesthetic 
or relaxant drugs may be exerting a deleterious 
influence, although we believe that, with the 
technic outlined above, this possibility is rare; 
(b) the surgical incision may have altered 
the normal thoracic mechanics of breathing 
(the bilateral transthoracic incision is partic- 
ularly liable to do this, the median sternotomy 
incision is less likely to cause difficulty and the 
unilateral thoracotomy incision upsets thoracic 
mechanics least); (c) pain associated with the 
thoracic incision adds its influence to that of 
altered thoracic mechanics in preventing ad- 
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equate alveolar ventilation; (d) inadequate 
diffusion in the postoperative period has been 
reported* and may be an important factor 
limiting proper pulmonary exchange; (e) 
upper and lower respiratory tract obstruction, 
due primarily to abundant production of 
secretions, may inhibit proper alveolar ven- 
tilation; (f) patient fatigue precipitated by one 
or more of the preceding factors may allow the 
gradual development of hypoventilation; (g) 
disturbances in acid-base balance, initiated 
during the operation, may be aggravated by 
the preceding factors and may themselves alter 
the responses of the respiratory center. These 
factors may act separately or together to 
produce a vicious cycle of events. 

We have found that the best monitors to 
employ in analyzing this situation, apart 
from close observation of the degree of respir- 
atory distress of the patient, are measure- 
ment of the arterial pH and measurement of 
the tidal volume utilizing a Monaghan ven- 
tilation meter. The pH estimation is the more 
reliable. 

In the patients who are poor surgical risks 
and in those with transthoracic incisions and 
median sternotomy incisions, these pulmonary 
problems can be anticipated and, in many 
patients, ameliorated by electively performing 
a tracheotomy at the end of the operation. 
If respiratory distress is evident or if the pH 
remains low in the immediate postoperative 
period, augmentation of ventilation should be 
initiated. Manual assistance to ventilation 
may be employed or some type of mechanical 
ventilator may be utilized. Assistance to 
respiratory exchange can be provided by 
employing the Bennett PR-IA Respiration unit 
or the Jefferson Assistor-Controller unit. If 
hyperventilation with control of respirations is 
indicated, as may be necessary in critical cases, 
the Stephenson respirator has proved to be the 
most reliable. Whenever assistance to res- 
piration is required, it is managed properly 
only through a tracheotomy, utilizing an 
endotracheal cuff between the tracheotomy 
tube and the tracheal wall. Proper use of 
assistance to or control of ventilation has saved 
patients for us. Our beliefs are similar to 
those of Spencer et al.“ Improving alveolar 
ventilation postoperatively will aid definitively 
in reducing morbidity and mortality. 

(3) The Problem of Acidosis: As noted in 
Tables II and III, a pH in the acidotic range 
in the immediate postoperative period is a 
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continuing problem. It appears to be more 
marked in the patients who are seriously ill. 
To what extent it is due to the development of 
metabolic acidosis during surgery and to what 
degree it is secondary to the factors affecting 
pulmonary function outlined above, it is 
impossible to state. Arterial blood findings 
would indicate that fixed acid accumulation 
plays a definite role in producing the acidosis. 

This problem has been approached to some 
advantage by the respiratory route. Through 
assistance to or control of respiration, as out- 
lined previously, respiratory acidosis can cer- 
tainly be eliminated and, by instituting hyper- 
ventilation, the subsequent relative respiratory 
alkalosis may maintain the patient over a 
critical period. In two patients suffering from 
severe acidosis, the organic buffer base, Tris 
(hydroxymethyl) amino-methane,'® has been 
administered with benefit. In both patients, 
an intravenous drip of Tris restored the pH 
toward normal levels and produced clinical 
improvement. 

(4) Organic Disease: Development of conges- 
tive cardiac failure, the complications imposed 
by heart block induced by the surgery, the 
problems associated with pulmonary hyper- 
tension and the presence of inadequate cardiac 
output due to unknown causes'® may lead to an 
irreversible postoperative situation. Earlier 
recognition of the “‘low cardiac output’’ syn- 
drome with measures to try to control it, 
better selection of patients and increasing 
surgical experience are leading to a reduction 
in these complications. 


COMMENTS 


It is difficult to say at this time whether or 
not the combination of extracorporeal cir- 
culation and induced hypothermia is superior 
to other technics utilized for intracardiac 
surgery. Statistics are of little real value 
because of the great variability of the risks 
to the patient that are involved, but an over- 
all, uncorrected mortality since the inception 
of this work of 21.6 per cent in 180 patients 
(Table 1) is acceptable. We believe that the 
production of hypothermia, with its associated 
reduction in metabolism, decreases the potential 
hazards of extracorporeal circulation and re- 
duces the possibility of permanent cerebral 
damage should perfusion to this organ be inad- 
equate. The production of cardioplegia by 
means of profound hypothermia does not 
appear to possess greater risk than the introduc- 
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tion of chemical agents for the production of 
cardiac arrest. The controllability of the 
hypothermia is a distinct asset in this technic. 
Our principal problems at the moment 
appear to be technical ones associated with 
certain congenital cardiac lesions and with the 
immediate postoperative period. Progress is 
being made in these directions and will increase 
commensurate with the ability to exclude from 
surgery those patients with incorrectable lesions 
and with increased knowledge of the etiologic 
factors initiating postoperative complications. 


SUMMARY 


An outline has been presented of the experi- 
ence gained from 180 patients with intracardiac 
defects and major vascular lesions who were 
subjected to a combination of extracorporeal 
circulation and induced hypothermia. An- 
esthesia was maintained with an ultra short- 
acting barbiturate, nitrous oxide and oxygen 
and succinylcholine. In those patients requiring 
cardioplegia, arrest of the heart was produced 
by inducing profound hypothermia with a heat 
exchanger incorporated into the extracorporeal 
circuit. Of the various monitoring aids em- 
ployed, the electroencephalogram was found 
to be the most sensitive indicator of the status 
of the patient. The various potential factors 
which may lead to the development of respir- 
atory and metabolic acidosis have been dis- 
cussed. It is becoming apparent that a patient 
can be maintained during the operative phase 
with increasing ease, but serious complications 
may develop in the postoperative period. In 
the postoperative period difficulties have cen- 
tered around: (1) regulation of blood volume, 


(2) pulmonary function, (3) the problem of. 


acidosis and (4) complications of the organic 
disease of the patient. 
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The Role of Ouabain in Myocardial 


Insufficiency during Anesthesia 


and Surgery’ 


Epwarp A. TALMAGE, M.D. 


Miami, Florida 


gpa or not a patient’s heart has 
sufficient reserve strength to insure per- 
fusion of vital organs during the added stress 
of anesthesia and surgery is frequently a moot 
question answerable only in retrospect, despite 
the most expert and careful preoperative 
evaluation.'’* Since direct measurement of 
cardiac output is awkward in the operating 
room, anesthesiologists are forced to rely on 
more conventional signs of decreased tissue per- 
fusion such as blood pressure, peripheral pulse 
quality and capillary refill as guides to the 
adequacy of cardiac output. Indeed, ple- 
thysmographic estimations have proved quite 
reliable in assessing the hemodynamics of 
shock.* However, the role of impaired myo- 
cardial contractility in poor tissue perfusion 
remains difficult to assess except for some 
correlations between crude measurements and 
certain experimental data,‘—* and treatment for 
the same is often omitted. Recently, data have 
appeared which correlate cardiac output with 
the indirect measurements customarily made 
in the operating room.* These data support 
the observations of clinicians concerning rapidly- 
acting cardiac glycosides used as adjuncts in 
treating shock.'!:—'"* This review summarizes 
briefly the pathogenesis of myocardial in- 
sufficiency and its treatment in the operating 
room. 


CAuSES OF MYOCARDIAL INSUFFICIENCY DuRING 
SURGERY 


Systemic Hypotension: The impairment of any 
part of the circulation cannot fail eventually 
to exert its effect on all the others. A person 
having no impairment may be considered to 


have optimal total circulatory reserve to meet 
the demands of anesthesia and surgery. Loss 
or impairment of any part of total circulatory 
reserve prior to surgery increases the likelihood 
of hypotension. The risks of cardiovascular 
disease are well known. Trauma, hemorrhage, 
degenerative diseases, malnutrition and un- 
compensated sympathetic blockade impair total 
circulatory reserve by diminishing effective 
circulating blood volume.“~'* If surgery then 
reduces the effective circulating blood volume 
below a critical level, venous return and right 
atrial filling decrease, leading in turn to diminu- 
tion of cardiac output,'”'® accompanied by 
systemic hypotension. Improper ventilatory 
assistance or control during anesthesia also 
impairs the cardiac output by reducing the 
venous return.!? 

One of the accompaniments of systemic 
hypotension is decreased coronary perfusion 
which may be accentuated by previously 
existing coronary Reduced cor- 
onary flow may lead to myocardial ischemia and 
injury with resultant cardiac dilatation and 
further decreases in cardiac output.” 

Hypovolemia: In the presence of hypovolemia, 
decreased cardiac output may be accompanied 
by alterations in alveolar blood flow-ventilation 
ratios which can lead to hypoxia and hyper- 
carbia.*4 Tissue asphyxia is thus doubly 
favored, and acid metabolites accumulate 
producing hypertonicity of the extracellular 
fluid,?> tending to draw water from the blood 
vascular space into the extracellular space 
when it is most needed to maintain circulating 
blood volume. Indeed, hypertonicity may 
exist in the cells themselves, drawing water 


* From the Department of Anesthesiology, University of Miami School of Medicine, Jackson Memorial Hospital, 


Miami, Florida. 
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from the extracellular space into the cells. 
This autodehydration leads to increased blood 
viscosity and sludging, further reducing effective 
circulating blood volume. Humoral mech- 
anisms and the carotid sinus reflexes also attempt 
to compensate for the diminished total cir- 
culatory reserve by sympathetic overactivity, 
leading to peripheral and mesenteric vaso- 
constriction preferentially to maintain perfusion 
of the vital organs.”® If at this point the blood 
volume is restored, the sequence of events is 
reversed and recovery occurs if myocardial 
contractility is adequate. 

Peripheral and Mesenteric Vasoconstriction and 
Secondary Mesenteric Changes: Once peripheral 
and mesenteric vasoconstriction have occurred, 
the interval for successful resuscitation appears 
to depend on whether myocardial contractility 
remains unimpaired.”’ If myocardial con- 
tractility was impaired to a degree compatible 
with only minimal cardiac compensation prior 
to surgery, further impairments, even though 
minimal, will be the more significant during 
the operation. On this account myocardial 
contractility may be impaired sufficiently prior 
to, or at the time of, the onset of peripheral and 
mesenteric vasoconstriction so that measures 
which do not increase myocardial contractility 
will fail even though hypotension has been 
present for a brief interval.” 

If peripheral and mesenteric vasoconstriction 
are prolonged, a series of events takes place 
accentuating the development of impaired 
myocardial contractility. These events are 
chiefly metabolic changes which add to existing 
impairments of myocardial contractility and 
affect chiefly the mechanisms of myocardial 
energy release. Thus, failure of tissue perfusion, 
especially in the central nervous system, liver, 
adrenal glands, kidney, skeletal muscle and 
spleen, upsets the balance and leads to a loss 
or inactivation of certain cardiotonic prin- 
ciples.2?—*2 A state of generalized postarteriolar 
peripheral and mesenteric vasodilatation and 
capillary stagnation soon develops,®* favoring 
the further development of metabolic acidosis 
and a shift to anaerobic metabolism in the 
poorly perfused tissue.***® These shifts in 
acid-base balance favor the exit of potassium 
from cells to the extracellular fluid with resulting 
increases in circulating serum potassium and 
altered sodium-potassium ratios at cell mem- 
branes. Myocardial contractility is known to 
be impaired under these circumstances.** The 
mechanism appears to be one of accelerated 
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re-entry of potassium ions into the myocardial 
fibril during the rest phase. These energy 
release mechanisms may be partially impaired 
due to disease and metabolic acidosis prior to 
anesthesia and surgery so that the reserve of 
myocardial contractility available to withstand 
the metabolic ravages of hypotension is ex- 
tremely small in some subjects, depending on 
certain preoperative and environmental con- 
siderations. The degree to which these pre- 
operative and environmental conditions ul- 
timately act is reflected in the rapidity with 
which anesthetic and surgical events further 
impair myocardial contractility to that point 
where circulation cannot be maintained or 
restored without directly improving myocardial 
contractility. 

Effect of Anesthesia: Blood-borne narcotics 
and anesthetic agents may depress myocardial 
contractility still further with varying results: 
depending on how much compensatory mech- 
anisms have previously been altered. Spinal 
anesthesia interferes with sympathetic com- 
pensatory mechanisms and impairs venous 


return, as do other forms of uncompensated 


sympathetic blockade and obstructions to the 
venous return. Also playing a role are the 
various autonomic reflexes and cardiac arrhyth- 
mias. A final mechanism which can affect 
myocardial contractility during surgery is the 
depression of serum ionized calcium below 
optimum levels by the use of citrated blood. 
Thus the summation of few or many of these 
mechanisms has a detrimental effect on myo- 
cardial contractility, which becomes obvious 
as the hypotensive episode is prolonged by the 
failure of therapeutic modalities to increase 
myocardial contractility.” 


OuaBAIN THERAPY 

Kohlstaedt and Page** have _ established 
criteria for a useful drug in treating hemor- 
rhagic shock, in which they observed marked 
impairment of myocardial contractility as 
a terminal event. They postulated that such 
a drug must (1) increase cardiac output, (2) 
decrease cardiac dilatation, (3) cause a minimal 
increase in peripheral resistance, and (4) 
possess a sufficiently rapid onset of action and a 
sufficiently long duration of action so as to 
allow restoration of the blood volume while it 
exerts its effects. In terms of actual observations 
of the heart itself,** sympathomimetic amine 
therapy alone leaves a great deal to be desired.* 


* Dilute epinephrine drip intravenously is an exception 
according to personal communication with R. A. Theye. 
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In fact, a rational basis for the use of sym- 
patholytic drugs exists.*® 

However, a drug acting directly on the heart 
which satisfies Kohlstaedt and Page’s criteria*® 
strengthens the pump and permits optimum 
benefits from other therapy. Ouabain appears 
to exert this beneficial action on the circulation. 

Impaired myocardial contractility involving 
accelerated potassium re-entry into the myo- 
cardial fibril during the rest phase is amenable 
to therapy with digitalis glycosides*® which act 
by delaying the re-entry of potassium, favoring 
a low intracellular potassium associated with 
greater contractility. The intact heart in a 
certain anesthetized preparation appears always 
to exhibit the inotropic effect in response to 
ouabain.*°*! Because of its rapid action, 
' ouabain appears to be the cardiac glycoside 
of choice during anesthesia. Ouabain shares the 
basic pharmacologic effect of other cardiac 
glycosides on cardiac energy release and their 
over-all circulatory effects, including increased 
coronary flow in response to increased systemic 
pressure.”! 

That ouabain is an effective drug for impaired 
myocardial contractility under anesthesia is 
not surprising since similar, if not identical, 
mechanisms of impaired contractility occur 
in the unanesthetized patient. Some of the 
same mechanisms come into play during induced 
cardiac arrest.“ It becomes largely a matter of 
semantics whether one calls the situation 
congestive heart failure, induced cardiac arrest 
or impaired myocardial contractility during 
anesthesia and surgery. Sufficient energy 
must be released to permit adequate contraction 
of the myocardial muscle to insure an adequate 
stroke-volume. This is tantamount to pro- 
ducing an adequate cardiac output. Pulmonary 
edema is rarely seen under anesthesia since 
most subjects are hypovolemic; however, 
when rapid transfusion produces frank pul- 
monary edema, ouabain is equally as efficacious 
under these circumstances.* 

Oubain and Digitalis Administration During and 
Following Surgery: In_ undigitalized subjects 
initial doses of ouabain from 0.375 to 0.5 mg. 
intravenously have been _ successfully em- 
ployed.?:!°!2, The duration of action of ouabain 
is sufficient if the causative factor will be 
eliminated upon conclusion of a two or three 
hour operation. If operation is unduly pro- 
longed, or the initial dose appears inadequate, 
digitalization may be augmented by 0.1 mg. 
increments of ouabain at thirty minute intervals 
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according to classic signs of digitalis action. 
When impaired myocardial contractility will 
continue in the postoperative period, digitali- 
zation may be maintained more conveniently 
with intravenous digoxin. Some _ instances 
in which it might be desirable to continue 
digitalis during the postoperative period include 
hemorrhage and other alterations of circulating 
blood volume, instances of extreme systemic 
toxicity, respiratory insufficiency and fluid and 
electrolyte imbalances. 

Ouabain Administration in Previously Digitalized 
Patients: It is ideal for a digitalized patient, 
especially one undergoing cardiac surgery, 
to be digitalized optimally prior to surgery. 
Recently, concepts of maintaining this state have 
undergone revision, and there is a wide range of 
dosage over which varying degrees of inotropic 
activity may occur.“* However, various tests 
are available to determine the optimal state of 
digitalization preoperatively.**** A_ partially 
digitalized patient may have sufficient myo- 
cardial contractility to maintain his cardiac 
compensation prior to anesthesia and surgery, 
yet have insufficient reserve for the operative 
episode. He may be tested preoperatively with 
one of the pharmacologic tests, supplementing 
the maintenance dosage of digitalis accordingly. 
However, the patient thought to be fully 
digitalized who then displays unmistakable 
signs of impaired myocardial contractility 
during his operation may be given additional 
0.1 mg. increments of ouabain intravenously 
until signs of digitalization are adequate. 
It is advisable to monitor the electrocardio- 
gram when supplementing a partially digitalized 
patient, but this does not appear to be necessary 
when administering an initial dose to a pre- 
viously undigitalized patient, unless hypokalemia 
exists. In the event that overdigitalization is 
produced, the infusion of ethylenediamine- 
tetraacetic acid (EDTA) will terminate the 
toxic signs (bigeminy, etc.) without interfering 
with the inotropic effect.’ Allergic reactions 
to ouabain under anesthesia have not been 
reported indeed, allergic reactions to 
all cardiac glycosides are very rare.** 

It appears unlikely that the inotropic action 
of ouabain would be reduced by blood stream 
losses during hemorrhage, since the drug is 
probably quite rapidly fixed to a myocardial 
subcellular site*® which is its locus of action. 


CONCLUSIONS 
These thoughts on physiologic treatment of 
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the failing circulation during anesthesia and 
surgery are based on known pharmacologic 
effects. Sympathomimetic amines are employed 
only for the treatment of uncompensated 
sympathetic blockade in view of possible harm- 
ful effects of prolonged exhibition of these 
drugs.®°:*! The role of the other therapeutic 
modalities is alluded to in the foregoing para- 
graphs. The use of ouabain under these 
circumstances is a safe, rational procedure 
which brings about prompt correction of 
impaired myocardial contractility during an- 
esthesia and surgery by attacking directly 
impaired mechanisms of myocardial energy 
release. 


SUMMARY 


The pathogenesis of myocardial insufficiency 
during anesthesia and surgery is shown to be 
related to alterations in effective circulating 
blood volume as well as the directly depressant 
effects of anesthetic drugs on the myocardium. 
Stress is laid upon considering myocardial 
insufficiency in any differential diagnosis of the 
cause of hypotension in an anesthetized subject. 
A rational method {for treating this state with 
ouabain, relating the known pharmacology of 
the drug to known pathologic changes in 
*“‘shock”’ states, is presented. The key to these 
concepts is found in presently available knowl- 
edge of the effects of drugs on energy release 
mechanisms of the myocardium. 
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Circulating Blood Volume Measurements 
for Cardiac Surgery” 


Sotomon N. ALBERT, M.D., WILLIAM E. BAGEANT M.D. and CHALOM A. ALBERT, M.D. 


Washington, D. C. 


T IS COMMON PRACTICE in the treatment of 
I surgical patients, to evaluate the blood 
content of the cardiovascular system. Routine 
measurements entail an estimate of hemoglobin 
concentration, hematocrit per cent and/or 
red cell count. These measurements also serve 
as an index and guide in regulating the ad- 
ministration of fluids and blood therapy before, 
during and after surgery. Direct measurement 
of the circulating volume of blood and its ele- 
ments, red cells and plasma, has proved that 
the old routine methods are inadequate and 
quite often misleading.'” 

During the course of anesthesia, the anesthe- 
siologist is frequently confronted with the prob- 
lem of hypotension and cardiovascular em- 
barrassment. The causes of such episodes may 
be numerous and, by the same token, poorly 
understood. Identical clinical pictures and 
symptomatology may be produced by two very 
divergent causes: hypovolemia or hypervo- 
lemia.** It is extremely difficult to differentiate 
between the two conditions in the anesthetized 
patient. Proper diagnosis and appropriate 
therapy are of prime importance since an error 
in judgment may mean the difference between 
life and death. This is particularly true in the 
patient with cardiovascular anomalies under- 
going cardiac surgery.® 


Factors AFFECTING BLoop VOLUME 


The volume of circulating blood varies 
as a result of endogenous and exogenous 
stress factors. With cardiovascular anomalies, 
variations in the circulating blood volume are 
chronic in nature. The extent of the deviation 
from normal values depends on the extent of 
the anomaly and its effect on the dynamics of 
circulation and on the duration of the adapta- 
tion process that has occurred for the purpose 


of maintaining an adequate supply of oxygen- 
ated blood to vital tissues. 

Under normal conditions, the cardiovascular 
system can compensate for wide variances in 
circulating blood volume. Anesthesia depresses 
vasomotor and cardiac compensatory mech- 
anisms. One may observe a marked fall in 
blood pressure on induction of anesthesia in 
the presence of cardiovascular anomalies and, 
therefore, variances in circulating blood volume 
are tolerated poorly. It is very important to 
remember that the circulating blood volume 


-should be adjusted, once the defect is corrected 


surgically, to the extent that it will be compatible 
with the improved deficiency of the cardiac 
pump. 

Normal values for circulating blood volume 
have been established based on body weight, 
age, sex, habitus, body surface and height. 
A simplified scale is presented in Table 1 
based on body weight and blood volume meas- 
urements effected with labeled red cells. These 
measurements can only serve as a guide for 
patients afflicted with a mechanically defec- 
tive cardiovascular system. 

The following deviations from normal have been 
observed in various conditions: 

1. Hypovolemia with a concomitant low red cell 
volume is seen in patients chronically ill and 
disabled from stenotic, acquired cardiovascular 
defects. One should attempt, in these cases, 
to restore the circulating red cell volume with 
blood transfusion, preferably packed red cells, 
to approximately 90 per cent of normal. 

2. Hypervolemia with or without increase in red 
cell volume is seen in patients with acquired or 
congenital cardiovascular defects. The lesions 
are usually a combination of a stenosis and ar- 
teriovenous blood shunt or regurgitation with 
moderate blood stasis in the peripheral circula- 


* From the Department of Anesthesiology, Washington Hospital Center, Washington, D. C. 
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TABLE I 
Average Blood Volume Measurements with Labeled 
Red Cells 
Male Female 
Measurements (cc./Ib.) (cc. /Ib.) 
Blood volume 30 28 
Red cell volume 13 12 
Plasma volume 17 16 


10 per cent higher values for children under fifteen years 
of age, athletes and laborers. 

10 per cent lower values for chronically ill and bedridden 
patients. 

10 per cent lower values for obese patients. 

10 per cent lower values for elderly patients. 

10 per cent lower values than the estimated volume at a 
predicted weight in case of weight loss in chronically 
ill patients. 


tion. Hypervolemia is moderate and the de- 
gree of increase in red cell volume is dependent 
on the extent of mixing between arterial and 
venous blood. Over-replacement with fluid or 
blood is extremely dangerous in this group. 

3. Hypervolemia with a marked increase in red 
cell volume is seen in congenital cardiovascular 
lesions where there is extensive mixing of venous 
and arterial blood. Cyanosis and a low arterial 
oxygen tension is the rule. Tetralogy of Fallot, 
septal defects and patent ductus arteriosus 
are some of the congenital anomalies that fall 
into this group. It is advisable to reduce the 
circulating blood volume before surgery. Dur- 
ing the postoperative period, the circulating 
blood volume should be maintained at a level 
compatible with the improved efficiency of the 
cardiac pump. Usually, these patients if prop- 
erly prepared, require no blood replacement 
during the operative procedure, since the 
amount of blood lost during the surgical in- 
tervention reduces the circulating volume to a 
level compatible with the corrected defect. 


METHODS FOR MEASURING THE CIRCULATING 
BLoop VOLUME AND ITs COMPONENT ELEMENTS: 
PLASMA AND RED CELL VOLUME 


Measurements of circulating blood volume 
are based on a principle of dilution. A known 
quantity of tracer material is introduced into 
the intravascular system and allowed to mix 
with the circulating blood after which a sample 
of blood is removed and analyzed. The amount 
of tracer administered is compared to the con- 
centration of the tracer in the blood sam- 
ple and a dilution proportion is established. 
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Plasma and red cell volumes are calculated by 
interpolation of the hematocrit value ob- 
tained on the sample of blood analyzed. 

Two forms of tracer carriers are utilized: 
plasma protein and/or intracellular (red cells) 
bound elements: 

Plasma Protein Bound Tracers: Evans blue dye 
or radioactive iodine, I", measure essentially 
a plasma volume. Many endogenous factors 
affect the accuracy of measurements with this 
technic. Invariably, the calculated red cell 
and total blood volume are higher than existing 
conditions, which is most misleading.®7.8 

Intracellular Bound Tracers: Red cells labeled 
with radioactive elements (Chromium*) are 
most commonly used to accurately measure the 
circulating red cell volume. Plasma and total 
blood volume are calculated by interpolation of 
the hematocrit measurement made on the blood 
sample. The latter results are, on the average, 
2 to 14 per cent below actual values. Never- 
theless, the technic is of great value since an 
accurate measurement is obtained of the red 
cell volume which is the stable and vital oxy- 
gen-carrying element of blood. 

Technics for labeling red cells with Cr® 
and measuring the rate of activity in liquid 
samples have been greatly simplified. Blood 
volume measurements can be performed easily, 
rapidly and accurately in fifteen to twenty 
minutes. 


CasE ILLUSTRATIONS 


Case 1. 
115 pounds, had mitral stenosis. 
dure was mitral valvulotomy. 

Preoperative Findings: hematocrit, 43 per cent; 
total blood volume, 35 per cent (below predicted 
values); red cell volume, 16 per cent (below pre- 
dicted values); plasma volume, 19 per cent (below 
predicted values). 

The patient received a transfusion of 500 cc. of 
blood the night before surgery. During the surgical 
procedure, 1,000 cc. of whole blood and 300 cc. of 5 
per cent dextrose in water were administered. 

Postoperative Course: At the termination of surgery, 
the hematocrit was 40 per cent. Six hours later, the 
patient’s pulse became thready, hypotension and 
signs of cardiac embarrassment were noticed. A 
repeat hematocrit was 35 per cent, a 5 per cent drop 
from the initial level. It was assumed that the patient 
was suffering from blood loss or under-replacement. 
Blood transfusion was started and her general condi- 
tion deteriorated still further with the first 200 cc. of 
blood. Blood volume measurements at this time 
showed a definite overload of her circulation: blood 
volume, +20 per cent (above predicted values); red 


A forty-five year old woman, weighing 
The surgical proce- 
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cell volume, +7 per cent (above predicted values) ; 
plasma volume, +13 per cent (above predicted 
values). 

With these findings, the blood transfusion was inter- 
rupted and 500 cc. of blood were removed by phle- 
botomy. In this instance, a drop in hematocrit, 
which would normally indicate hemodilution result- 
ing from bleeding, was misleading. 


Case 2. A four year old boy, weighing 36 pounds, 
had patent ductus arteriosus. The surgical procedure 
was closure of ductus. 

Preoperative Findings: hematocrit, 51 per cent; 
blood volume, 50 per cent (above expected values) ; 
red cell volume, 53 per cent (above expected values) ; 
plasma volume, 3 per cent (above expected values). 

Because of these findings, blood transfusion was 
withheld during the course of the surgical procedure. 

Postoperative Findings: weight, 34.5 pounds; hema- 
tocrit, 41 per cent; blood volume, +24 per cent 
(above expected values); red cell volume, +11 per 
cent (above expected values); plasma volume, +13 
per cent (above expected values). Fifteen hours 
later, the child became pale with a hematocrit of 
40.5 per cent and a weight of 34.5 pounds. There 
were no apparent signs of blood loss. Blood volume 
measurements showed a deficit: blood volume, 28 
per cent (of immediate postoperative values); red 
cell volume, 21 per cent (of immediate postoperative 
values); plasma volume, 8 per cent (of immediate 
postoperative values). 

At Autopsy, a large retroperitoneal hematoma was 
found which resulted from a tear in the iliac vein, 
caused by the introduction of a catheter. In this 
case, both hematocrit per cent and body weight gave 
no indication of the extent of internal blood loss. 


Case 3: A fifty-five year old man, weighing 132 
pounds, had mitral stenosis and regurgitation. The 
patient had limited activity and was disabled for the 
past three years. The surgical procedure used was 
mitral valvulotomy. Preoperative hematocrit was 
42.5 per cent. ; 

On induction of anesthesia, the patient developed 
marked hypotension and the surgical procedure was 
cancelled. Blood volume measurements showed a 
marked deficit in circulating blood volume: blood 
volume, 45 per cent (below expected values); red 
cell volume, 32 per cent (below expected values) ; 
plasma volume, 13 per cent (below expected values). 
He was given a transfusion of 500 cc. of blood and 
220 cc. packed cells. 

Two days later, on a second attempt, induction of 
anesthesia was conducted in a manner similar to the 
first time; in this instance, the blood pressure re- 
mained stable. This case is an example of hypo- 
volemia, whereby a hematocrit value was in no way 
correlated to the existing volume of circulating blood. 


Case 4: A three year old boy, weighing 21 pounds, 
had tetralogy of Fallot. 


Preoperative Findings: hematocrit, 75 per cent; 
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blood volume, 68 per cent (above expected values) ; 
red cell volume, 54 per cent (above expected values) ; 
plasma volume, 14 per cent (above expected values). 
With these findings, a total of 240 cc. of blood was 
removed over a two day period, preoperatively. 

Postoperative Measurements: At the termination of 
the operative procedure, when the patient was taken 
off the pump oxygenator, the amount of blood loss as 
measured volumetrically was equal to the deficit 
determined by the blood volume measurement tech- 
nic with tagged red blood cells. Blood volume 
measurements were repeated daily for three days. 
The circulating volume was maintained at a level of 
15 per cent above normal values. The child made 
an uneventful recovery. In this case, serial blood 
volume measurements served as a guide for adjusting 
the circulating blood volume in the pre- and postoper- 
ative treatment. 


Discussion 


Measurement of the circulating blood volume 
has proved to be of value in the treatment of the 
surgical patient. In cardiac surgery, it is an 
indispensible tool. Hematocrit per cent de- 
termines the proportion of red cells to plasma 
in a given blood sample and in no way reflects 
the amount of circulating blood in the system. 
A patient may have a normal hematocrit with 
marked hypovolemia or hypervolemia. 

Measurement of the amount of blood loss 
during surgical procedures by direct volumetric 
measurements or weighing is fairly accurate, 
but this is only a measurement of the amount of 
blood lost and in no way indicates the existing 
circulating volume or the amount of blood neces- 
sary to maintain an adequate circulation. Ac- 
cording to Smith,” “‘the great problem, which 
is common to all thoracic operations, is actually 
not that of ventilation, but of blood replace- 
ment. The hazard of blood loss and shock is 
great, but that of over-replacement can be 
more perilous.” This statement definitely holds 
true in cardiac surgery, and the only method 
we can see that fulfills the requirements is the 
direct measurement of the circulating blood 
volume. 

In conclusion, we refer to the observations 
on blood volume made by Sjorstrand’* who 
states, “It is, therefore, important in the pre- 
operative preparation of patients to realize 
that the blood volume can be low, and if such 
is the case, all efforts should be made to com- 
pensate this by preoperative blood transfusions. 
It is likewise important to keep the blood vol- 
ume under control during and after surgical 
operations. ... Although the above principles 
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are recognized, practical applications have been 
delayed due to the lack of simple, practical 
methods for determining the blood volume.” 
This problem no longer exists. The technic 
presently used is simple, practical and accurate. 
Still further improvements are in progress for 
measuring, simultaneously, each component 
part of circulating blood red cell and plasma 
volume. It is our belief that no patient 
should be subjected to anesthesia and surgery 
or even to blood transfusions without an accurate 
measurement of the circulating blood volume. 
The patient with cardiovascular anomalies 
undergoing cardiac surgery should definitely 
be given all the advantages of present-day 
progress and all the benefits of a blood volume 
measurement, which may determine the suc- 
cess or failure of his operation. 


SUMMARY 


The only reasonable method presently avail- 
able to estimate the amount of circulating blood 
is the direct measurement of the circulating 
blood volume. In cardiac surgery, blood 
volume measurements serve as a guide for sur- 
gical management and the regulation of the 
amount of circulating blood. This often makes 
the difference between a successful procedure 
and a complete failure. 

Patients with cardiovascular anomalies com- 
pensate for dynamic disorders by adapting the 
amount of circulating blood volume to meet 
the need. This, in turn, necessitates careful 
pre- and postoperative adjustments. The pres- 
ently available technic for measuring blood 
volume is simple and practical. 
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The Value of Monitors in Cardiac Surgery” 


Dona.p E. HALE, M.D. 


Cleveland, Ohio 


A’ IDEAL MONITOR during anesthesia and 
surgery provides information concerning 
the metabolism of the more important organs, 
including the brain, heart, kidneys and liver. 
No entirely satisfactory device of this sort is 
available at present, but those which we have 
provide information, much of it indirect, 
which enables us to supervise and, to some 
degree, control the physiologic functions of 
these organs. Most of the monitors presently 
in use afford information on some phase of 
respiration, both external and internal, of the 
body as a whole and especially of the heart and 
brain. 

Among the monitors discussed in this paper 
are those which provide information about the 
blood (pO2, pCO: and pH), those that give 
information on the electrical phenomena of 
the brain and heart and those that measure 
blood pressure and body temperature. 


OXIMETRY 


The determination of the oxygen content of 
a sample of either arterial or venous blood may 
be obtained by the Van Slyke method, in which 
all the oxygen in a blood sample is freed from 
the hemoglobin by the addition of potassium 
ferricyanide. 

The electronic methods of determining blood 
oxygen include the oximeter, which measures 
the transmission of light of a certain wave- 
length through the blood in the thin cartilag- 
inous portion of the external ear. A modifica- 
tion of this method, known as the cyclops, 
uses the same principle but measures the 
quantity of light reflected from a surface of 
the skin, the capillaries of which have been 
dilated by the use of a rubrifacient. A further 
modification of this method, developed by 
Wood,! passes light through a film of moving 
blood drawn from a peripheral artery. Another 
apparatus for determining pOz is the polaro- 


graph} (Fig. 1). In this instrument, a cathode 
maintained at 0.6 volt is depolarized by oxy- 
gen which diffuses from the solution in question 
through a polyethylene membrane. A current 
is thus generated which is proportional to the 
oxygen reaching the surface of the cathode. 


CARBON DIOXIDE 


The quantity of carbon dioxide in a blood 
sample may: be found by the method of Van 
Slyke, in which an acid added to the blood 
sample frees the carbon dioxide, the volume of 
which can then be measured as a gas. The 
electronic apparatus most often used for blood 


-carbon dioxide determinations is the infrared 


carbon dioxide analyzer{ which measures the 
pCO, in a sample of end-tidal alveolar air and 
under most circumstances agrees‘ closely with 
the pCO, of the arterial blood. 

The principle of this analyzer is based on the 
fact that carbon dioxide in a gas mixture 
absorbs infrared light. The degree of absorp- 
tion varies inversely with the concentration 
of carbon dioxide. Infrared light is passed 
through two cells, one containing pure carbon 
dioxide and the other a mixture of carbon di- 
oxide and other gases. From the difference in 
the quantity of absorption in the two cells, 
the concentration of carbon dioxide in the 
unknown is determined. 

Certain diseases of the lungs, notably em- 
physema and bronchiectasis, introduce a dis- 
crepancy between the value of carbon dioxide 
in alveolar air and arterial blood and, therefore, 
this instrument is unsatisfactory in these cases. 

Variations in Blood pCOz: The pCOsz of the 
blood can vary within moderate limits for short 
periods without disastrous consequences. Over 
longer periods, however, such as those which 

Tt Made by Yellow Springs Instrument Co., Inc., Yel- 
low Springs, Ohio. 

t Made by Liston Becker Instrument Co. Inc., Stam- 
ford, Conn. 


* From the Department of Anesthesiology, Cleveland Clinic, Cleveland, Ohio. 
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Fic. 1. The polarograph. The electrode held by the 
hand in the photograph is the sensing device and is 
placed in a vessel containing the blood to be sampled. 
Oxygen saturation is read on the galvanometer scale 
(left). 


may be encountered in a patient suffering 
from respiratory paralysis following bulbar 
poliomyelitis, prolonged variations from nor- 
mal pCO, may lead to serious and sometimes 
fatal changes in the concentrations of the elec- 
trolytes in the blood. In patients who present 
a good risk and whose operations and anes- 
thesia are not followed by prolonged disturb- 
ances of liver and kidney function, pCO, 
determinations are probably not important. 
Careful attention to oxygenation of these 
patients ordinarily suffices to keep the pCO: 
within safe limits. Circumstances are en- 
countered, however, in which hypoxemia may 
be accompanied by a normal pCO; or in which 
adequate oxygenation may be accompanied by 
an elevated pCO:. The first situation may be 
noted in a patient who is well ventilated with a 
mixture lacking in oxygen, but in whom the 
carbon dioxide is kept at safe levels by absorp- 
tion with fresh soda lime. The second situation 
(adequate oxygenation but increased carbon 
dioxide) may be encountered during anesthesia 
with cyclopropane, when oxygen is_ used 
not only to supply the metabolic needs of the 
patient but also as a diluent for the highly 
potent anesthetic agent. Subnormal ven- 
tilation in these patients may provide adequate 
oxygenation of the blood while failing to move 
enough of the respired mixture through the 
soda lime canister. This has been shown to 
be at least one of the factors in “cyclopropane 
shock.’”? 

A danger in the sudden reduction of an ele- 
vated blood pCO: as shown experimentally, 
is the appearance of ventricular fibrillation.’ 
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Fic. 2. The pH meter. The difference in potential on 
the two sides of a glass membrane is measured by this 
apparatus. The vessels containing the solutions and 
membrane are at the left. A water bath supplied by the 
two rubber tubes maintains the sensing device at a con- 
stant temperature. 


Dogs were allowed to breathe carbon dioxide 
(33 per cent) in oxygen for periods of four and 
a half hours with insignificant changes appearing 
in the electrocardiogram. However, within 
seven minutes after discontinuing this mixture 
and substituting room air with artificial respira- 
tion, ventricular fibrillation supervened. 

pH of Blood: pH, an expression of the hydro- 
gen ion concentration or the acidity of a solu- 
tion, is more important in many chemical reac- 
tions than temperature or concentration of the 
reactants. Colloids and enzyme systems are 
highly sensitive to changes in pH. In the beta 
oxidation of fatty acid, for example, five neces- 
sary enzymes have been identified. Glucose 
is unstable in alkaline solutions. Most foods 
are neutral but their end products are nearly 
all acidic: phosphoric, sulfuric, lactic, pyruvic 
and, in diabetes, beta-oxybutyric and aceto- 
acetic acids. 

The pH of blood can be measured by means 
of the ratio of carbonic acid to sodium acid 
carbonate using colorimetric methods, or by an 
electronic apparatus. The latter is now most 
widely used because of its speed and accuracy. 
In the glass electrode pH meter* (Fig. 2), the un- 
known solution is separated from a standard 
solution by a thin membrane of special glass. 
The difference in potential on the two sides 
of the membrane is measured to determine the 
PH of the unknown solution. 

The pH of the blood is ordinarily held within 
narrow limits by the blood buffers, the elimina- 


* Made by Yellow Springs Instrument Co., Inc., 
Yellow Springs, Ohio. 
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Fic. 3. The effect of cooling on the electroencephalo- 
gram (upper tracings). The amplitude of the tracing at 
.. is lower than at A, as the result of the perfusion of the 
brain with cool blood (35°c.). The lower tracings are 
electrocardiograms. 


tion of carbon dioxide through the lungs and 
the excretion of fixed acids by the kidney. 
In cardiac surgery, however, in which respira- 
tion is carried on by artificial means and 
periods of anoxia may depress the function o 
liver and kidneys, a fall in pH may be encoun- 
tered. The recognition and correction of this 
change by hyperventilation and, if necessary, 
by the injection of solutions of sodium bicar- 
bonate or sodium lactate, must be carried 
out. 

A determination of pH is important when 
the carbon dioxide content of blood is being 
estimated, since it is possible to have a normal 
content of carbon dioxide while the pH of 
the blood is normal, high or low. Determina- 
tion of content of carbon dioxide alone is thus 
not sufficient to establish the presence or ab- 
sence of acidosis or alkalosis.‘ 


THe ELECTROENCEPHALOGRAM 


The electroencephalogram is a device for 
measuring the changing difference in electrical 
potential on two sides of a living membrane. 


Ordinarily, in organic electrical phenomena of. 


this sort, the larger the voltage, the slower the 
fluctuation. This is demonstrated by the elec- 
troencephalogram in which the higher fre- 
quencies are usually accompanied by a low 
amplitude, and waves with slower frequencies 
have a high amplitude. The brain may be 
considered to be a group of interconnected elec- 
trochemical oscillators.5 The waves of higher 
amplitude are a result of the release of greater 
amounts ofenergy. Ina group in which equal 
amplitudes are present in the various oscillators, 
the prominent frequency is that of the os- 
cillator, the most stable frequency. Changes 
in electrical potential occur, not only in the 
cortex, but also in ganglia, the spinal cord, 
the brain stem, the cerebellum and the cranial 


B 


Fic. 4. A and B, effect of hypotension on the electro- 
encephalogram (upper tracings). The sudden fall of 
blood pressure (to zero) was followed by a flattening of the 
waves. 


nuclei. The brain waves of chief interest to 
the anesthesiologist originate in the cortex, 
and these are derived by the placement of 
electrodes over the anterior and posterior por- 
tions of the cerebrum on one side. 

Electrical activity of the cortex is a combina- 
tion of cyclical and transient events. The elec- 
troencephalogram is accelerated by sensory stim- 
ulation and is slowed by the action of drugs which 
depress the cortex. ‘Trauma, infection, anoxia, 
hypoglycemia and poisoning by means of 
chemicals produce changes in the electroen- 
cephalogram which, although not specific, are 
easily recognized. The electrical brain waves 
are slowed by lack of oxygen, deep anesthesia, 
sedative drugs, deep sleep, relaxation and low 
level of carbon dioxide. They are increased 
in frequency by high concentration of carbon di- 
oxide, sensory stimulation, light anesthesia and 
drugs which stimulate the central nervous sys- 
tem. Body temperatures higher or lower than 
normal are usually accompanied by a decrease 
in frequency and amplitude and, finally, by 
death. Significant changes in the electroen- 
cephalogram indicate a digression from normal 
oxygenation and metabolism. Thus, the elec- 
troencephalogram can call attention to the 
fact that something is amiss, the cause of which 
should be carefully sought out and corrected. 

The electroencephalogram is so calibrated 
that 50 microvolts result in a 5 mm. deflection. 
The brain waves are usually described by the 
millimeters of deflection and the number per 
second. The frequency in human beings ex- 
tends from below 1 to above 100 cycles per 
second, and the voltage range is approximately 
1 to 100 wv. Delta waves have a frequency 
of 0.5 to 5 per second; alpha waves, 6 to 13; 
and beta waves, 14 to 60. There is a growing 
tendency, however, to refer to them only by 
frequency and not by the use of the Greek 
letters. 
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Fic. 5. Effect of hypercapnia on the electroencephalogram. A rise in pCO: caused a fall in fre- 
quency and amplitude of the waves as shown at D. (From: Hates, D. E. and Moraca, P. P. 
Electrocardiogram and electroencephalogram in elective cardiac arrest. J. A. M. A., 166: 1672, 


1958.) 


Fic. 6. Effect of anoxia on the electroencephalogram (upper tracings). The slow, high ampli- 
tude waves at B return toward normal at C following the administration of 100 per cent oxygen. 
(From: Hate, D. E. and Moraca, P. P. Electrocardiogram and electroencephalogram in elective 


cardiac arrest. J. A. M. A., 166: 1672, 1958). 


Electroencephalographic changes accom- 
panying hypothermia, hypotension, hyper- 
capnia and anoxia are illustrated in Figures 
3 to 6. 

Hypothermia: The effect of sudden cooling 
of the brain is depicted in Figure 3. The 
patient was a six year old boy who underwent an 
operation for an ostium primum defect with 
cleft mitral valve and patent foramen ovale. 
Here, the brain wave (Fig. 3A) has an amplitude 
of 70 uv. before the patient (body temperature 
37.3°c.) was connected to the pump oxygenator. 
Four minutes after beginning artificial circula- 
tion with blood at a temperature of 35°c., 
the amplitude had fallen to 35 wv. (Fig. 
3B). The change in the electroencephalogram 
is assumed to be the result of sudden cooling 
of the brain when it was perfused with blood 
from the pump oxygenator. 

Hypotension: The effect of a sudden fall 
of blood pressure (to zero) is shown in Figure 4. 
The patient was operated upon for mitral 
insufficiency. A satisfactory electroencephalo- 
gram is seen in Figure 4A, but in Figure 4B 
the almost complete flattening of the record 
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followed the obstruction caused by a dissecting 
aneurysm of the femoral artery into which blood 
was being pumped from the oxygenator. The 
patient’s blood pressure fell to zero although the 
mean blood pressure in the pump oxygenator 
at the time was 120 mm. Hg. The action 
of the heart had been arrested by potassium 
citrate. 

Hypercapnia: The effect of an elevated con- 
centration of carbon dioxide in the arterial blood 
during operation on an eleven year old boy 
for aortic stenosis is shown in Figure 5. As 
the pCO: rose from 52 mm. Hg (Fig. 5A) 
to 82 mm. Hg (Fig. 5D), the change was re- 
flected in a decrease in the amplitude of the 
electroencephalogram from a range of 50 to 
130 uv. to one of 10 to 50 yv., while the fre- 
quency fell from 22 to 9 cycles per second. 
Improvement in the electroencephalogram fol- 
lowed a reduction of the pCO: to 40 mm. Hg 
(Fig. 5F). 

Anoxia: The effect of administration of 100 
per cent oxygen to a two year old child operated 
upon for tetralogy of Fallot with cyanosis is 
shown in Figure 6. The electroencephalo- 
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graphic tracing shows 250 ywv. waves with a 
frequency of about 1 cycle per second. After 
the administration of 100 per cent oxygen, 
a normal tracing reappeared: 20 to 40 umv., 
frequency 21 cycles per second. 

It is well known that deep anesthesia by 
cyclopropane, ether or pentothal produces 
characteristic changes in the electroencephalo- 


gram. 


THe ELECTROCARDIOGRAM 


The electrocardiogram provides information 
not otherwise available to the surgeon. The 
electrocardiograph amplifies the voltages gen- 
erated by the changing electrical potential in 
the myocardium and the conductive tissues 
of the heart and allows them to be seen on the 
screen of an oscilloscope or on a written record. 
The original voltages of the standard leads are 
of the order of 1 mv. and must be amplified 
sufficiently to activate the electron beam in the 
oscilloscope or the mechanism in the writer. 

Of the changes seen in the electrocardiogram 
during heart surgery, those of rate and rhythm 
are more important than those of form. A 
continuously slowing heart rate should be 
considered clear evidence of myocardial anoxia 
until disproved. Premature auricular beats, 
if multiple, may forewarn of impending auricu- 
lar fibrillation. Rapid digitalization is not 
indicated for the former, but may be for the 
latter. ‘The changes in rhythm which are most 
significant during heart surgery are the appear- 
ance of ventricular premature beats or ven- 
tricular tachycardia. 

Ventricular premature beats cannot be diagnosed 
by observation of the heart itself. When 
frequent (bigeminal or multifocal), this condi- 


tion is an ominous sign as it may be a 


precursor of ventricular tachycardia. Pre- 
mature beats may appear first singly, later in 
pairs and, finally, in runs of three to five. 
Ordinarily, in a run of three to five, the first 
of the series has one form and all the others 
in the series have another but the same form. 
This condition should be treated by the ad- 
ministration of procaine hydrochloride or pro- 
caine amide. Procaine is given in doses of 
1 or 2 cc. of 2 per cent solution (for adults). 
Procaine amide is given intravenously at the 
rate of 50 mg. per minute (adult dose). Fifty 
to 200 mg., or a maximum dose of 1 gm. 
usually suffices to correct the irregularity. 
Ventricular tachycardia with a rate up to 150 
beats per minute is frequently heralded by the 


B 


Fic. 7. Potassium citrate arrest of the heart. The nor- 
mal rhythm in the electrocardiogram at A (lower trac- 
ing) disappears after the perfusion of the myocardium 
with potassium citrate (B). The electroencephalogram 
(upper tracing) is still normal after arrest as the brain is 
perfused by the pump oxygenator. 


appearance of multifocal premature beats. 
This condition should be treated with 100 
per cent oxygen by inhalation and procaine 
amide (50 mg. per minute) intravenously. 
If no improvement follows after giving 100 mg., 
200 mg. per minute should be administered. 
Irreversibility of this condition is usually due to 
an irremediable lesion, such as inadvertent liga- 
tion of the coronary artery. Ventricular tachy- 
cardia occurs regularly in patients whose mitral 
valve is occluded by the surgeon’s finger during 
operation for mitral commissurotomy. ‘This is 
the result of an interruption of, the coronary 
flow with resulting myocardial anoxia. 

Ventricular fibrillation may occur during hypo- 
thermia or as the result of myocardial anoxia. 
If the patient is supplied with blood from the 
pump oxygenator, this arrhythmia is not an 
emergency, as the heart as well as the other 
organs is supplied with adequate quantities 
of oxygen. Normal rhythm may reappear 
spontaneously or after electrical defibrillation. 
Ventricular fibrillation shows a fairly regular 
pattern on the electrocardiogram with a sharp 
ascent and slow descent. Ventricular fibril- 
lation rarely occurs without a previous ven- 
tricular tachycardia. In this situation, especially 
if the patient is not receiving blood from the 
pump oxygenator, the electrocardiogram is 
most valuable, since it gives evidence of the 
precursors of ventricular fibrillation, affording 
an early warning so that appropriate therapy 
may be given. 

Cardiac Arrest: The electrocardiogram pro- 
vides graphic evidence of the complete cessation 
of conduction activity when the heart is arrested 
by the injection of potassium citrate into the 
coronary arteries. The first tracing (A) in 
Figure 7 is from the electrocardiogram imme- 
diately before the injection of potassium citrate 
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Fic. 8. Method for recording arterial blood pressure. 
The plastic catheter on the left is introduced into an 
artery. Pulse waves are transmitted through the heparin 
solution in the catheter and the lower half of the syringe, 
through the air in the upper half of the syringe and 
thence to the mechanism within the aneroid manometer. 
Heparin solution is supplied from the flask on the right. 


and the second (B) shows the complete absence 
of organized activity five seconds later. 


BLoop PRESSURE 


The determination of blood pressure is 
a valuable means of monitoring the function 
of the circulatory system. Although the blood 
pressure is ordinarily read in a brachial artery 
and cannot be relied upon to reveal positive 
information on the adequacy of circulation 
of the vital organs, in the majority of cases it 
serves as a general index of the circulation 
and, therefore, in part, of the state of oxygena- 
tion of the tissues. . As long as blood pressure 
can be read by one of the simpler methods, such 
as the cuff and stethoscope, a reasonable idea 
of the state of the circulation of the body may 
be obtained. When this method fails to reveal 
a blood pressure, we cannot be sure whether 
the instrument is simply unable to register a 
low pressure or whether blood pressure is indeed 
absent. 

For this reason and also to provide permanent 
records of blood pressure, other methods have 
been developed. One of these employs an 
aneroid manometer adapted to the barrel of a 
2 cc. syringe by means of a single hole rubber 
stopper (Fig. 8). To the tip of the syringe 
is fastened a three-way stop cock, one limb of 
which leads to a plastic cannula placed in an 
artery and the other to a supply of a dilute 
solution of heparin, which can be used to 
flush out the catheter from time to time to 
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Fic. 9. Thermometer for continuous registration of 
esophageal temperature. 


keep it patent. Blood pressure and pulse 
pressures are transmitted through the catheter 
and the solution with which the syringe is 
half filled and thence through the air in the 
upper portion of the syringe to the diaphragm 
which actuates the manometer mechanism. 
Although there is considerable damping due 
to the presence of air in the system, mean 
pressvres can be read with reasonable accuracy. 
A more accurate method employs a Statham 
strain gauge and a suitable recorder. This 
apparatus gives a true representation of the 
systolic, diastolic and pulse pressures. 


TEMPERATURE 


The body temperature of the patient during 
and after surgery and anesthesia may play 
an important part in ultimate recovery. In the 
early days of cardiac surgery, McQuiston® 
used cooling of his patients to prevent the ap- 
pearance of hyperpyrexia. The development 
of procedures for induced hypothermia for 
patients undergoing cardiac surgery has necessi- 
tated the use of an accurate thermometer. 
One which has proved satisfactory is the Tele- 
Thermometer* (Fig. 9). The most accurate 
temperatures are obtained by passing the sens- 
ing device into the esophagus to a_ point 
about midway between the pharynx and the 
stomach. 


CoMMENTS 


The use of monitors has increased the safety 
of serious operations, such as those upon the 
open heart. However, the monitor may be 
subject to various aberrations and even when 


* Made by the Yellow Springs Instrument Co., 
Inc., Yellow Springs, Ohio. 
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working perfectly, a single monitor cannot 
give information on the over-all condition of 
the patient. Actually, a careful anesthesiologist 
depends very little upon monitors, using them 
most frequently when he is developing a new 
technic which he wants to be sure follows the 
various physiologic processes in the greatest 
detail. A patient is safer in the hands of a 
careful, sensitive, painstaking anesthesiologist 
with few monitors than he is in the hands of one 
who has many monitors and no clinical sense. 
The electroencephalogram, for example, may 
reveal a radical change when the temperature 
of the brain is suddenly reduced by the perfusion 
of cool blood. The electroencephalographic 
change, however, is not specific, and although 
it may present a somewhat alarming appear- 
ance under these circumstances, the brain 
readjusts to the lower temperature and soon 
again shows anormal tracing. Also, the electro- 
cardiogram may show a pattern which appears 
to be fairly satisfactory in a patient whose 
heart is no longer beating adequately. It is 
important, therefore, not to ignore the impres- 
sions derived from taking blood pressure and 
pulse, listening to the respirations through the 
wall of the chest or endotracheal tube and 
observing the color of the patient. 


SUMMARY 


Instruments used as monitors during cardiac 
surgery are believed by most workers in this 
field to be of considerable value. Among these 
instruments are the electrocardiogram, electro- 
encephalogram, pH meter, pressure transducers 
for arterial and venous pressure and continuously 
registering thermometer. 

The electrocardiogram provides useful in- 
formation concerning the cardiac rate and 
rhythm especially in presenting evidence of an 
irritable myocardium in the appearance of 
ectopic ventricular beats. It must not, how- 
ever, be regarded as a monitor of efficient 
cardiac action, as a tracing of normal appear- 
ance may be present during episodes of low 
cardiac output and severe hypotension. When 
the technic of induced cardiac arrest is used, 
the electrocardiogram is useful in showing when 
a normal heart rhythm has reappeared. 

The electroencephalogram indicates roughly 
whether or not the internal respiration of the 


brain is adequate. Gross changes in the pat- 
tern indicate that something is wrong in this 
mechanism: low blood pressure, poorly oxy- 
genated blood, excess carbon dioxide in the 
blood, hypothermia or overdosage of anesthetic 
agent. Changes in the pattern alert the anes- 
thesiologist to the fact that some defect is 
present which demands immediate diagnosis 
and correction. 

The pH meter calls attention to the presence 
of acidosis of respiratory or metabolic origin, 
so that measures for correction may be begun 
early (increased ventilation or intravenous 
administration of sodium bicarbonate). 

Pressure transducers are helpful in demon- 
strating hypotension or hypertension before, 
during and after the use of the artificial heart- 
lung device. 

Body temperature is important in the safe 
administration of anesthesia. Especially in 
children, it is often beneficial to carry the pa- 
tient with a moderately reduced temperature, 
or at least to prevent the occurrence of hyper- 
thermia. 

It should be clearly understood that all these 
devices are to be considered only as adjuncts 
in the administration of safe anesthesia. The 
information they provide must be interpreted 
by a skilled and careful anesthesiologist to be of 
full value. A competent anesthesiologist who 
does not use any or all of these monitors may 
administer’ a safer anesthesia than one who 
depends heavily upon instruments. 
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Electroencephalography in Cardiac Surgery’ 


Mitton H. ADELMAN, M.D. and ELLiott JACOBSON, M.D. 


New York, New York 


ELECTROENCEPHALOGRAPHIC wave rep- 
resents a summation of the potentials of 
an enormous number of cortical brain cells. 
These brain potentials are of very low voltage 
and require tremendous amplification to acti- 
vate an encephalographic recorder or oscillo- 
scope. Both the physiological basis of the 
electroencephalogram and the manner in which 
cortical potentials are synchronized and gov- 
erned to give specific electroencephalographic 
patterns remain to be clarified. Studies indi- 
cate that cortical potentials depend upon neuro- 
nal connections with subcortical structures.! 
There is also considerable evidence suggesting 
that the reticular activating substances of the 
brain stem synchronize and govern the cortical 
rhythms.? 
While the first report on electric potentials 
of the brain was presented by Caton* in 1875, 
it was not until Berger* published his compre- 
hensive studies in 1929 that the basis of modern 
electroencephalography was established. In 
the decades that followed Berger’s report, an 
abundance of research contributed to the fur- 
ther development of the electroencephalogram 
with numerous investigative and clinical ap- 
plications. Not least among these is the ap- 
plication of the electroencephalogram to anes- 
thesiology. Gibbs et al.5, in 1937, suggested 
prophetically that ‘ta practical application of 
these observations might be the use of the elec- 
troencephalogram as a measure of the depth of 
anesthesia during surgical operations. The 
anesthetist and surgeon could have before them 
on tape or screen a continuous record of the 
electrical activity of both heart and brain.” 


APPLICATION OF THE ELECTROENCEPHALOGRAM 
IN ANESTHESIOLOGY 


Though the nature and origin of electroen- 
cephalographic waves are still subjects of specu- 
lation, there is little doubt that the electrical 
activity of the brain accurately reflects the 


biochemical milieu and metabolism of the 
brain cells. The metabolic effects of hypoxia, 
hypercarbia, hyperglycemia, hypotension and 
increased cerebral venous pressure are reflected 
in characteristic patterns in the electroencepha- 
logram, patterns not unlike those produced un- 
der general anesthesia.*—"' 

The electroencephalographic applications will 
be considered here from two aspects: first, 
as an investigative tool and second, as a clinical 
technic. 

The electroencephalogram permits one to 
delineate and assess the depth of the anesthesia. 
The sequential electroencephalographic pat- 
terns during anesthesia are clearly defined and 
are characteristic of the specific agent employed. 
Close correlation exists between the electro- 
encephalographic “levels of anesthesia’? and 
the arterial blood concentrations of the anes- 
thetic agent.” Also, the electroencephalo- 
graphic patterns can be correlated closely with 
alterations of a variety of somatic and auto- 
nomic reflexes.'* 

The application of the electroencephalogram 
in clinical anesthesiology has not been extensive. 
It has stimulated work in the development of 
servo-mechanisms for automatically controlled 
anesthesia,*~'® and has been of value as a 
teaching aid and a means of maintaining a steady 
state of anesthetic depth in laboratory and 
clinical investigations. 

Characteristic electroencephalograph pat- 
terns have been described for most anesthetic 
agents, among them chloroform, ethylene, ether, 
nitrous oxide, cyclopropane, Fluothane®, in- 
travenous barbiturates and steroid anesthe- 
The electroencephalographic effects 
of premedicant drugs, analeptics and muscle 
relaxants have been investigated.®:?5—?? 

EEG Changes during General Anesthesia: It is 
beyond the scope of this paper to present the 
characteristic electroencephalographic patterns 
of the individual anesthetic agents. However, 
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* From the Department of Anesthesiology, The Mount Sinai Hospital, New York, New York. 
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Fic. 1. Diagram of average changes in the electro- 
encephalogram pattern during general anesthesia. 
(Reproduced with the kind permission of the authors and 
publisher.?) 


it is pertinent to describe a basic pattern of 
sequential electroencephalographic changes ob- 
served during general anesthesia (Fig. 

In the conscious patient, there is a pattern 
of relatively rapid waves of low voltage (8 to 
13 cycles/second, 75 pv. or less). With induc- 
tion of anesthesia, there is an appearance of 
rapid, low-voltage waves (15 to 30 cycles/sec- 
ond, 50 pv. or less). With loss of conscious- 
ness, this pattern is replaced by regular waves 


of slower rate and high voltage (2 to 8 cycles/ - 


second, 150 to 300 uv.). Deepening of anesthesia 
results in a loss of rhythmicity and mixed waves 
appear; faster, lower-voltage waves (4 to 8 
cycles/second, 50 to 75 wv.) may be superim- 
posed on slower, higher-voltage waves (2 to 
4 cycles/second, 100 to 200 uv.). As anesthesia 
progresses, periods of cortical inactivity appear 
(“burst suppression’”’). These intervals of in- 
activity increase in duration until there is 


Marked symmetrical 
slowing of the electroencephalogram with high ampli- 
tude. Frequencies have decreased to 1.5 to 2 cycles/ 


B iut-vex 


Fic. 2. A, compression of heart. 


second. B, release of pressure. Progressive improve- 
ment of the electroencephalogram with return of 
normal activity at the end of the record. There is a 
corresponding decrease in amplitude as the frequency 
of the waves increases. In this and subsequent figures 
RFO = right fronto-occipital lead; LFO = left 
fronto-occipital lead; and Lat-Vtx = left anterior 
temporal-vertex lead. 


A 


Fic. 3. Carotid occlusion. Continuous sequence of 
events over a period of thirty seconds. The activity at 
the onset is essentially normal. However, progressive 
symmetrical slowing of activity appears within ten 
seconds. There is a slight increase in amplitude as well. 
The influence of the abrupt change in cerebral circula- 
tion is rapidly reflected by the appearance of the altered 
abnormal pattern. LI = lead 1 of electrocardiogram 
in this and subsequent figures. 


complete cortical suppression and the electro- 


encephalographic line becomes isoelectric. 

EEG Monitor during Open Heart Surgery: 
The sensitivity of the electroencephalogram to 
significant decreases in cerebral blood flow and 
brain oxygen supply constitutes the basis of a 
second application of the electroencephalogram 
in anesthesiology: the use of the electroen- 
cephalogram as a reliable monitor in cardiac 
surgery, particularly where extracorporeal cir- 
culation is employed. 

In 1954 Clowes and his co-workers”® first 
reported on the use of the electroencephalogram 
during extracorporeal circulation; their studies 
indicated a correlation between the severity 
of the electroencephalographic changes during 
the heart-lung bypass and the prognosis. 
Theye et al." presented their electroencephalo- 
graphic studies of one hundred patients who 
underwent open heart surgery with extracor- 
poreal circulation. They indicated that, 
for the most part, normal electroencephalo- 
graphic patterns predominate during and after 
perfusion. The most frequent alterations ap- 
peared at the onset of perfusion and cannulation 
or obstruction of the superior vena cava; _ these 
changes consisted of the disappearance of 
low amplitude, high frequency waves (the “‘nor- 
mal” pattern) and their replacement with 
waves of high amplitude and low frequency. 
With resumption of flow through the superior 
vena cava and continuation of the perfusion 
these wave alterations disappeared with a 
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return to “normal.’”? The authors noted the 
value of the electroencephalogram in deter- 
mining the adequacy of cerebral blood flow 
during extracorporeal circulation. 

Belleville et al.?* utilized the electroencephalo- 
gram in a variety of intrathoracic operations. 
They recorded significant depressions of corti- 
cal activity during marked hypotension pro- 
duced by hemorrhage, cardiac tamponade, 
cardiac arrest and serious cardiac arrhythmias. 
They viewed the electroencephalogram as a 
significant aid in evaluating the adequacy of 
cerebral blood flow during intrathoracic sur- 
gery. Owens and his associates*® observed 
consistent undesirable electroencephalographic 
alterations during heart-lung bypass where 
bubble-oxygenators were used. Filming oxy- 
genators produced few significant electroen- 
cephalographic changes. Their studies indicated 
that the “‘non-specific summation of the physio- 
logic and metabolic processes as expressed by 
the electrical activity of the brain is an excellent 
gauge for judging, moment to moment, the 
immediate state of neurologic viability of a 
subject during and after employment of a pump- 
oxygenator.” 

Studies by other groups of investigators 
showed few significant alterations in the elec- 
troencephalographic patterns during heart- 
lung bypass.*!** In a conflicting report, Daven- 
port et al.* found in a majority of their patients 
that the electroencephalogram, during and 
after heart-lung bypass, was unlike that re- 
corded before the perfusion. Slow, high volt- 
age waves comprised the major variations. 
Marked and prolonged abnormalities in the 
electroencephalographic patterns suggested a 
grave prognosis. 


CasE STUDIES 


The anesthetic technics employed in cardiac 
surgery are not pertinent to this paper. Yet, 
it should be emphasized that these technics are 
directed toward maintaining the patient in very 
light anesthesia, actually analgesia, correspond- 
ing to electroencephalographic level 1. By 
maintaining the patient at a steady anesthetic 
level, any departure from this electroencephalo- 
graphic pattern could be attributed to factors 
other than the anesthetic agents. In addition 
to the electroencephalogram, central venous 
pressure, arterial pressure and the electrocardio- 
gram are monitored continuously. 

The various factors producing significant 
electroencephalographic alterations may be 
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Fic. 4. Mitral commissurotomy. Continuous se- 
quence for period of one minute at the time of com- 
missurotomy. A burst of ventricular tachycardia de- 
notes the intrusion of the finger into the valvular area 
(Ato C). The electroencephalogram reveals a progres- 
sive severe symmetrical depression of activity with 
reduction in amplitude and frequency. D, there is 
improvement following completion of commissurotomy 
(E) which progresses more rapidly following release of 
carotid occlusive tapes (F). 


divided, for purposes of discussion, into three 
groups: those due to operative intervention 
or manipulation and unrelated to heart-lung 
bypass, those resulting directly from the bypass 
and those arising from the use of hypothermia. 


ELECTROENCEPHALOGRAM ALTERATIONS DUE TO 


OPERATIVE MANIPULATION 


Mechanical Compression of the Heart: This occurred 
in a seven year old girl with an interatrial septal de- 
fect (Fig. 2). In an attempt to isolate the inferior 
vena cava for the heart-lung bypass, undue pressure 
was exerted on the heart by an assistant’s hand. This 
cardiac tamponade resulted in the sudden appear- 
ance of electroencephalographic waves of very large 
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Fic. 5. Pulmonic valvulotomy. Eleven year old boy with congenital pulmonic 
stenosis. Brock procedure. A, the symmetrical paroxysmal fast activity is related 
to the anesthetic level (EEG level 1) seen with thiopental (nitrous oxide-oxygen). 
There is, characteristically, a greater preponderance of fast activity in the anterior 
temporal-vertex lead (LAT in this and subsequent figures). B, at the moment of 
valvulotomy (arrow) there is a sudden onset of diffuse slow activity with frequencies 
decreasing to 5 cycles/second, with an increase of amplitude. The mean arterial 
pressure has decreased from 110 to 80 to 90 mm. Hg. , this tracing is a direct 
continuation of B. The electroencephalogram has become severely abnormal with 
continuous progressive symmetrical slowing of activity. The frequency has de- 
creased to 2 to 3 cycles/second and there is a marked increase in amplitude (100 to 
200 uv.). D, immediately following valvulotomy there is a rapid return to the 
original normal electroencephalographic pattern, consistent with re-establishment of 
adequate hemodynamics. 


amplitude (100 to 200 uv.) and slow frequency (2 to. 


3/second), promptly reflecting an acute, severe 
diminution of cerebral blood flow. Release of pres- 
sure upon the heart was followed by a return of the 
electroencephalographic pattern which existed prior 
to the cardiac compression. 

Carotid Artery Occlusion: This is a temporary maneu- 
veur used by some surgeons during mitral valvulotomy 
in the hope of decreasing the incidence of cerebral 
embolization from the auricular appendage. Figure 
3 illustrates the progressive changes occurring during 
thirty seconds of carotid occlusion. Waves of slow 
frequency and greater amplitude appeared and were 
imposed upon the pre-existing faster pattern. The 
rapidity of the appearance of these changes and their 
progression clearly indicated the acute anoxia to 
which the brain was subjected. 

Mitral and Pulmonary Valvulotomy: The periods of 
valvular dilatation and manipulation may be marked 


by frequent, severe electroencephalographic altera- 
tions. Figure 4 demonstrates the progressive changes 
over a period of one minute from the onset of a 
mitral commissurotomy. The marked slowing and 
flattening of the wave pattern bespeak the acute 
cerebral hypoxia present. The bursts of ventricular 
tachycardia seen are related to the digital manipula- 
tion of the mitral valve and orifice. Upon with- 
drawal of the surgeon’s finger from the mitral valve, 
one can see the rapid return of a faster pattern of 
electrical activity indicating a re-establishment of 
adequate cerebral blood flow. 

Similar effects may be observed in the Brock opera- 
tion for pulmonic stenosis. Figure 5 illustrates the 
acute electroencephalographic alterations observed 
during a Brock operation on an eleven year old boy. 
At the onset of valvulotomy (Fig. 5B), there was an 
abrupt appearance of waves of high amplitude and 
slow frequency as compared to the previous pattern 
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LFO 
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Fic. 6. Right atrial myxoma. A, normal EEG pattern prior to sternal retraction. 


B, abrupt change at time of sternal retraction. 


C, release of sternal retraction. 


The electroencephalogram is severely abnormal but shows a slight improvement in 
activity as compared to that seen in A. D, the improvement continues progres- 
sively with reappearance of frequencies within the range of normal. 


of fast, low-voltage activity. Figure 5C, taken during 
the period of valvulotomy, continues to show the 
effects of acute hemodynamic alterations with acute 
cerebral hypoxia. Immediately after valvulotomy, 
there was a return of the wave pattern to a more 
satisfactory level of electrical activity (Fig. 5D). 

Vena Cava Obstruction: This may appear in a 
variety of intrathoracic manipulations. A most 
unusual situation appeared unexpectedly in a thirty- 
seven year old man with a tumor of the right atrium; 
excision of the tumor was to be performed with extra- 
corporeal circulation. When the sternal retractors 
were inserted and spread widely, the electroencepha- 
logram (Fig. 6A) changed suddenly from the active 
pattern seen in the initial tracing to the deeply sup- 
pressed waves seen in the second tracing. The 
clectrocardiogram showed little change other than an 
increase in rate. The venous pressure was markedly 
increased. Release of the sternal retractors was fol- 
lowed by a gradual return of the electroencephalo- 
:ram to faster activity along with a decrease in venous 
pressure (Fig. 6B). Apparently, the tumor occluded 
che orifices of the venae cavae during wide sternal 
retraction; repetition of this operative maneuver 
-eproduced the unfavorable electroencephalographic 
pattern. By using limited sternal retraction, the 
patient was rapidly placed on the heart-lung machine 
and a myxoma, the size of a golf ball, was removed 
without incident. 
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It is worth noting that the marked electro- 
encephalographic alterations were not accom- 
panied by correspondingly severe electrocar- 
diographic changes. We have often seen 
grave electroencephalographic patterns with 
virtually no electrocardiographic variations. 
We suspect that perhaps too much emphasis 
has been placed on electrocardiographic moni- 
toring. While the electrocardiogram may give 
prompt warning of impending asystole or 
arrhythmias, it fails to warn of grave hemody- 
namic alterations until these are far advanced 
and, sometimes, irreversible. 


ELECTROENCEPHALOGRAM ALTERATIONS 
RESULTING DIRECTLY FROM THE 
HEART-LUNG BYPASS 


These alterations are closely related to the 
different periods of the heart-lung bypass, 
these periods being the catheterization of 
the venae cavae prior to perfusion, the onset of 
perfusion, the perfusion interval and the 
postperfusion period. 

Catheterization of the superior vena cava produces 
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Fic. 7. Congenital aortic stenosis. Influence of insertion of superior vena cava , 
catheter and onset of perfusion. A, resting normal record with high fast activity 
related to the level of anesthesia. There is intermittent slowing present in the right 
fronto-occipital lead. _B, following insertion of the superior vena caval catheter and 
onset of bypass, there is a progressive symmetrical slowing of frequency of waves 
(down to 4 to 5 cycles/second) which superimpose themselves upon the faster waves 
present previously. CC, initial moments of perfusion. Progressive slowing with 
waves of 1.5 to 2 cycles/second are present. The amplitude has increased sharply. 
D, adjustment of perfusion flow rate to an adequate level is followed by an improve- 
ment of the electroencephalogram with return of fast activity similar to that of the 


initial pattern (A) with some persistence of symmetrical slow activity. 


frequent changes in the electroencephalographic 
pattern. 
will produce increased cerebral venous pressure. 
In infants and young children, the catheter 
itself may compromise the lumen of the superior 
vena cava and impair cerebral venous return. 
The severity of the electroencephalographic 
changes is variable. These changes may con- 
sist of slow waves superimposed on the pre- 
existing fast pattern or of slow waves, with 
increasing amplitude, which become the domi- 
nant pattern. When improper catheter place- 
ment is the cause of significant electroencephalo- 
graphic changes, adjustment of the catheter 
position will be followed by the return of the 
electroencephalogram to faster electric activity. 

With the onset of perfusion, electroencephalo- 
graphic changes, already present because of 


The catheter, if improperly placed, ¢ 


caval catheterization, may become intensified; 
or, if none are present, slow wave forms will 
frequently appear. These are usually ac- 
companied by a decreased mean arterial 
pressure which frequently appears at the onset of 
perfusion. These changes can be corrected 
promptly by adjusting the perfusion flow rate 
or by administering a small dose of a vaso- 
pressor agent through the pump oxygenator. 


Figure 7 illustrates the sequence. of changes in a 
ten year old boy with congenital aortic stenosis, from 
the period prior to caval catheterization through the 
interval of caval catheterization and the beginning of 
the heart-lung bypass. Figure 7B shows the charac- 
teristic slowing of frequency and increase in ampli- 
tude associated with caval catheterization. With the 
onset of the bypass, the pattern progressed to that 
seen in Figure 7C, with waves of high amplitude and 
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Fic. 8. Interatrial septal defect; twelve year old girl. A, the initial normal 
pattern. B, mild symmetrical slowing with the onset of bypass. Frequencies de- 
crease to 3 to 4.cycles/second. C, adjustment of perfusion flow rate results in a nor- 


mal electroencephalographic pattern. 


increased slowing of frequency. Adjustment of the 
perfusion flow rate produced the return of a satisfac- 
tory, active pattern, seen in Figure 7D. 

Changes are not always as marked as in the pre- 
vious case. The tracings in Figure 8, made during 
the repair of an interventricular septal defect in a 
twelve year old girl, show minimal alterations as 
compared to the previous patient. 


In cases of prolonged perfusion, as with difficult 
interventricular septal defects and tetralogy of 
Fallot, the electroencephalographic changes 
consisted of a progressive slowing of frequency, 
with the gradual appearance of waves of in- 
creasing amplitude, followed by waves of de- 
creasing amplitude as suppression of electrical 
activity became more acute. When this se- 
quence of changes was seen, the immediate 
prognosis was poor. In other cases, the slow 
wave forms that appeared were merely super- 
imposed upon some vestige of a previous faster 
wave. In these cases, the patients had a more 
favorable prognosis even though, in most in- 
stances, some post-perfusion slowing persisted. 

The extracorporeal circuit utilized in the 
cases presented was that of a helix reservoir 
bubble oxygenator with Sigmamotor-type 
pumps. At the present time we are using the 
Kay-Cross multiple disc oxygenator with a 
heat exchanger which provides rapid control of 
body temperature. 


HYPOTHERMIA 
The combination of hypothermia and extra- 
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Fic. 9. Repair of atrioventricular canal; fifteen year 
old boy. A, normal record prior to placement of caval 
catheters. B, insertion of superior vena caval catheter, 
record remains normal. C, onset of bypass, normal 
record. D, ten seconds following onset of bypass. A 
moderate symmetrical abnormal slowing appears and is 
progressive. E and F, there is continued slowing and a 
moderate increase in amplitude over a period of thirty 
seconds from the onset of bypass. Mean arterial pres- 
sure has decreased from 120 mm. Hg prior to bypass to 
60 mm. Hg. 


ity 
RFO 
LFO 
RFO 
: 
\, 
445 
4 
tre 
fas" 
4 


770 Adelman and Jacobson 


LFOw , 
LI 


Fic. 10. Same case as Figure 9, continued. A, very 
severe symmetrical slowing of frequency is present. 
Three seconds after administration of methoxamine 
through the pump oxygenator there is an abrupt re- 
appearance of fast activity and decreased amplitude. B, 
ten seconds after vasopressor drug the electroenceph- 
alogram has returned to normal and the mean arterial 
pressure is 100 mm. Hg. C, onset of hypothermia; 
there is mild symmetrical intermittent slowing of fre- 
quency present. D, temperature level: 
There is continued slowing of frequency in the electro- 
encephalogram, with some increase of amplitude. 
Mean arterial pressure is 100 mm. Hg. The electro- 
cardiogram shows the appearance of ectopic ventricular 
beats. E, forty-three minutes of perfusion, temperature 
has stabilized to 30°c. There is slight improvement in 
the electroencephalogram which has stabilized. Ven- 
tricular fibrillation is present. 


corporeal circulation offers certain advantages 
to both the patient and surgeon. In the main, 
hypothermia reduces brain oxygen require- 
ments, lessens the degree of metabolic acidosis 
due to perfusion, permits a lower perfusion 
flow rate and presents the surgeon with a 
drier operative field. 


Figures 9 to 11 show the sequence of events during 
the repair of an atrioventricular canal in a fifteen 
year old boy in whom hypothermia and extra- 
corporeal circulation were used. These tracings are 
fairly representative of our observations. 

The first alteration in the electroencephalographic 
pattern appeared immediately after the beginning of 
perfusion (Fig. 9D); the mean arterial pressure had 
fallen to 60 mm. Hg and the esophageal temperature 
was 32.2°c. Marked slowing in wave frequency 
and a sharp increase in amplitude appeared and was 
progressing rapidly toward a suppressed pattern (Fig. 
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Fic. 11. Same case as Figure 9, concluded. A, tem- 
perature, 32.2°c. Electroencephalogram has improved, 
but still has periods of intermittent slowing. Defibrilla- 
tion is successfully accomplished. B, continued im- 
provement of cardiac activity. Electroencephalogram is 
unchanged. C, one minute after defibrillation. Rapid 
improvement is present in both the electroencephalogram 
and electrocardiogram. D, completion of perfusion 
(sixty-three minutes). Temperature is 37°c. Electro- 
encephalogram is normal and electrocardiogram has 
improved further. E, two hours postperfusion. Blood 
pressure is 120/90, temperature is 37°c. A normal 
electroencephalogram is present. The electrocardiogram 
shows a first degree A-V block. 


9F). Methoxamine (5 mg.) was given to the patient 
via the arterial inflow; within three seconds, a pat- 
tern of faster, lower voltage reappeared in the electro- 
encephalogram (Fig. 10A, B). With the satisfactory 
establishment of the perfusion and the electroen- 
cephalographic pattern, rapid cooling of the patient 
was begun with a blood heat exchanger. As the 
temperature decreased, there was a concomitant 
slowing of wave frequency with a mild increase in 
amplitude in the electroencephalogram. Figure 10D 
demonstrates this pattern at the temperature of 
31.5°c.; increasing numbers of ectopic ventricular 
complexes appeared in the electrocardiogram. The 
temperature was stabilized at 30°c. and the wave 
pattern of the electroencephalogram was constant. 
Figure 10E, representing tracings made after forty- 
three minutes of perfusion, at a temperature of 30°c., 
shows little significant change in the electroen- 
cephalographic pattern. 

Rewarming of the patient was begun following the 
repair of the interventricular septal defect. At the 
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termination of the perfusion (sixty-three minutes in 
duration), the temperature was 37 °c. and the electro- 
encephalogram showed a return of fast wave activity 
and lower voltage (Fig. 11D). Two hours after the 
perfusion the electroencephalographic pattern (Fig. 
11E) was very similar to the preperfusion tracings, 
suggesting that a significant degree of protection was 
afforded to the patient through the combination of 
hypothermia and extracorporeal circulation utilizing 
the multiple disc oxygenator. The postoperative 
course of this patient was uneventful. 

The simultaneous electrocardiograms taken during 
this operation may be of interest to cardiologists. 
They show the onset of ectopic ventricular complexes 
at 31.5°c. (Fig. 10D), followed by ventricular fibril- 
lation occurring at 30°c. (Fig. 10E). Electrical 
defibrillation was easily accomplished following the 
closure of the septal defect and rewarming of the 
patient (Fig. 11A, B). Figure 11C, D, E shows the 
rapid improvement of cardiac rhythm with the final 
pattern revealing first degree A-V block. 


COMMENTS 


The value of the electroencephalogram as an 
anesthetic and clinical tool in cardiac surgery is 
established. This is true particularly when 
extracorporeal circulation is employed. It is 
true that significant numbers of heart-lung 
perfusions have been performed without the 
electroencephalogram in open heart cases.*:*5 
Patrick, one of the most experienced anesthe- 
siologists in this field, stated recently that he 
seldom uses the electroencephalogram in open 
heart surgery.*® It may well be that improved 
perfusion methods or newer and simpler moni- 
toring technic will render the electroencephalo- 
gram obsolete in cardiac surgery. Until such 
developments appear, however, we hold the 
opinion that electroencephalographic monitor- 
ing is essential in extracorporeal circulation. 
The electroencephalogram is a dependable 
and sensitive monitor of brain oxygen supply. 
We have yet to find a single clinical sign, or 
group of signs, that offers comparable effective- 
ness and accuracy in judging cerebral blood 
flow. 

While the electrocardiogram is useful in 
monitoring heart surgery without heart-lung 
bypass, it has limitations. It does not show 
evidence of hypoxia, hypotension or grave 
cardiovascular disturbances until these disturb- 
ances are far advanced.*” On the other hand, 
electroencephalography will indicate in a rapid 
and dependable manner the onset of these 
phenomena. It will measure, in general terms, 
the severity of these alterations. Thus, we 
feel that the electroencephalogram is also of 
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value in monitoring cardiac surgery without 
heart-lung bypass. 

The electroencephalogram is helpful in as- 
sessing the progress of anoxic bouts during sur- 
gery. Investigations have recorded serial elec- 
troencephalograms in patients who had severe 
anoxic incidents.**:*® These observers described 
an electroencephalographic “‘file pattern’? con- 
sisting of a flat line with superimposed low- 
amplitude, rapid, spiky activity; this “‘file 
pattern” carried with it a grave progress. 
Also, they noted that the prognosis was good if 
the electroencephalogram did not become fiat, 
and if it did become flat, the prognosis was 
favorable if fast cortical activity returned within 
one hour. Our own observations confirm 
these reports. 


SUMMARY 


The value of the electroencephalogram as an 
anesthetic and clinical tool in cardiac surgery is 
established. The electroencephalogram is a 
dependable and sensitive monitor of brain 
oxygen supply. 

This paper describes electroencephalographic 
alterations due to cardiac manipulation (with- 
out heart-lung bypass), heart-lung bypass and 
hypothermia. The diagnostic and prognostic 
role of the electroencephalogram in cardiac sur- 
gery are presented. 
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The Ear Oximeter as a Circulatory Monitor 


III. The IR Pulse as a Guide to the Selection of Vasopressor 
Drugs in Cardiac Surgery” 


SEYMOUR ScHorTz, M.D., S. S. BLoom, F. W. HeELmMswortu, Jr., H. C. DopceE and E. L. Birxmire 


Philadelphia, Pennsylvania 


HE EAR OXIMETER, although not at all new 
T to the laboratory, is being recognized as a 
useful clinical instrument with which one can 
obtain a continuous record of the oxygen satura- 
tion of the arterial blood. This increased use- 
fulness has come about through the improve- 
ment of the earpiece by Wood! and the design 
of improved electronic equipment by Perkins 
and his co-workers.*? Most investigators, how- 
ever, have failed to take full advantage of the 
ear oximeter because the range of oxygen 
saturation studied was too broad: 100 to 0 
per cent. Consequently, the beginning changes 
in oxygen saturation were not seen. In an 
earlier communication’ we have pointed out 
that when one uses the upper 15 per cent of the 
scale of oxygen saturation, one is able to obtain 
a good deal more useful information. 

It has been further observed that, with this 
degree of amplification, the oximeter produces 
a wave-like tracing that is related to the pul- 
satile flow of blood in the ear. As we reported 
in a previous communication,‘ if one taps the 
output of the infrared cell separately, a satis- 
factory tracing of these pulsations is obtained. 
This gives a graphic record somewhat similar 
to a pressure pulse contour wave and we refer 
to it as the IR pulse. 


RELATION OF IR PULSE AND STROKE 
OuTPUT 


Figure 1 is a recording of the IR pulse in a 
normal adult. Variations in stroke output 
of the heart are readily recorded by this method. 
In the course of a mitral commissurotomy there 


t The electronic circuit we have utilized was manu- 
factured by the Grass Instrument Company. This 
instrument is admirably suited to our purposes since it is 
capable of high amplification and rapid response. 


may be an interruption of blood flow through 
the heart during surgical manipulation of the 
valve. Figure 2 is an illustration of such a case. 
The electrocardiogram shows the heart con- 
tinuing to contract irregularly, but the output 
at times is practically at zero. We have also 
shown‘ that, during operations for the correc- 
tion of mitral and aortic valvular defects, the 
hoped for improvement in stroke output may 
be dramatically shown by the changes in the 
height of the IR pulse wave. Similar changes, 
characterized by improvement in the IR pulse, 
have been noted when a failing heart which 
has been inadequately digitalized is brought 
under proper control with digitalis. The pur- 
pose of this paper is to examine the changes that 
occur when vasopressor drugs are administered 
to patients who are being subjected to surgery 
for various cardiac conditions. 


IR Putse FOLLOWING VASOPRESSOR 
THERAPY 


The rationale for using vasopressor drugs in 
the treatment of hypotension incident to sym- 
pathetic blockade is graphically illustrated in 
Figure 3. The patient was undergoing 
surgery for an aneurysm of the abdominal aorta 
under continuous epidural anesthesia. There 
was a fall in blood pressure from 120/80 to 
70/40. At this point, a phenylephrine drip 
was started (20 mg. phenylephrine in 500 cc. 
of 5 per cent dextrose in water). The blood 
pressure rose to 120/80 and, in this patient with 
a normally functioning heart, there was an ac- 
companying increase in the size of the IR pulse. 

The empirical and indiscriminate use of vaso- 
pressor drugs in the treatment of hypotension 
during cardiac surgery may be associated with 
certain dangers. This was illustrated in a 


* From the Department of Anesthesiology, Presbyterian Hospital, Philadelphia, Pennsylvania. 
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Fic. 1. Normal ear oximeter and IR pulse record. 
patient undergoing a ligation of the inferior 
vena Cava as a preliminary to an operation for 
mitral insufficiency. There was a sharp fall 
in blood pressure from 160/90 to 90/60. At 
this point, 4 mg. methoxamine was given intra- 
venously with a resulting satisfactory elevation 
of blood pressure to 120/80. However, an 
examination of the IR pulse record (Fig. 4) 
indicates that the IR pulse was not improved. 
Indeed, it was smaller than before the meth- 
oxamine was given. Figure 5 illustrates the 
effect of administering a dose of ephedrine to a 
patient who was hypotensive following the 
surgical manipulation of the mitral valve. The 
IR pulse shows a marked improvement con- 
comitant with an elevation of the blood pres- 
sure. 

The response to intravenously administered 
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PEA 
Fic. 2. Electrocardiogram, ear oximeter and IR pulse 
record during mitral valvulotomy. Note the absence of 


the IR pulse with digital occlusion of the mitral orifice 
during fracture of the mitral valve. 


1-arterenol is shown in Figure 6. The patient 
suffered a sharp fall in blood pressure following 
mitral manipulation. After the administra- 
tion of this vasopressor, the blood pressure was 
elevated but the IR pulse was unchanged or 
perhaps even a little smaller. 


Figure 7 shows the failure of response to a 
dose of phenylephrine (0.4 mg.) in a patient 
who suffered severe hypotension following a 
heart-lung- bypass for correction of a ventricular 
septal defect. 


After an interval of about twenty 


A 


Fic. 3. Electrocardiogram, ear oximeter and IR pulse record during abdominal operation under epidural anesthesia. 


A, before administration of phenylephrine drip. 


B, after administration of phenylephrine drip. 
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Fic. 4. 


IR pulse record of patient with mitral insufficiency undergoing inferior vena cava ligation 


under spinal anesthesia. Note narrowing of IR pulse after administration of methoxamine (arrow), 
despite rise in blood pressure from 90/60 to 120/80 mm. Hg. 
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tion of 1-arterenol. 


minutes, this patient was put on an intravenous 
drip of epinephrine (4 mg. in 250 cc. of 5 per 
cent dextrose in water). He received a total 
dose of 0.16 mg. epinephrine and the response, 
as shown in Figure 8, was both prompt and dra- 
matic. 


COMMENTS 


It is interesting to note that the changes in 
the IR pulse, seen when vasopressor drugs were 
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IR pulse record in patient undergoing mitral commissurotomy before and after administra- 
Note lack of improvement in IR pulse despite rise of blood pressure. 
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IR pulse record in patient undergoing mitral commissurotomy before and after administra- 
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used, follow very closely the known pharmaco- 
logic actions of these drugs on cardiac output.® 
In the patient with a relatively normal cardiac 
mechanism who had a fall in blood pressure due 
to extensive sympathetic blockade, phenyleph- 
rine produced a rise in blood pressure with an 
apparent increase in stroke volume output. This 
is probably due to an increased peripheral 
vasoconstriction with resulting increase in venous 
return and subsequent increased cardiac output. 
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Fic. 7. Record of patient undergoing correction of 
ventricular septal defect. Note failure of significant 
response in blood pressure and IR pulse to administration 


of phenylephrine (0.25 mg.) intravenously. (Art. Pr. = 
arterial pressure. ) 
In the patient with mitral insufficiency 


(Fig. 4), methoxamine caused maximal pe- 
ripheral vasoconstriction without improvement 
in forward flow. The mitral insufficiency 
merely permitted more regurgitant flow with 
what appears to be a fall in forward stroke 
volume output. Ephedrine, on the other hand, 


is at best a mild vasoconstrictor but does have 
some distinct inotropic effects on the heart. 
Consequently, the stroke volume output ap- 
pears to be improved when this drug was used 
(Fig. 5). 

L-arterenol is a very potent vasoconstrictor 


EKG’ 


which may improve cardiac output associated 
with a rise in arterial blood pressure and im- 
proved coronary flow. In Figure 6, the failure 
to show any improvement in stroke volume with 
a rise in blood pressure suggests that l-arterenol 
of itself may not improve and may even diminish 
cardiac output. 

The illustration of the marked improvement 
in both blood pressure and IR pulse with the 
use of epinephrine intravenously (Fig. 8) 
emphasizes the marked inotropic effect which 
epinephrine has upon the heart. It is of in- 
terest to note that this effect was obtained with- 
out any significant change in pulse rate. 

The above illustrations show, as did previous 
studies, that the ear oximeter IR pulse tends to 
reflect changes in stroke volume output and 
serves well to monitor changes in the circulation 
as well as in oxygen saturation. During the 
past two years we have been following the IR 
pulse on all patients undergoing cardiac surgery. 
We have come to regard this as an extremely 
useful monitor of cardiac action and in many 
cases more revealing than the electrocardio- 
gram. We believe that, as respects the use of 
vasopressor drugs, the ear oximeter has helped 
us in two ways: 

1. Using the IR pulse as a guide to the efh- 
ciency of the circulation, our use of vasopressor 
drugs has diminished markedly. In most 
instances, if the patient has a satisfactory IR 
pulse wave, the’occurrence of hypotension may 
be better left untreated. 
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Fic. 8. Record of same patient shown in Figure 7. 
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A, note the response to intravenous epinephrine in terms of 


blood pressure and IR pulse within two minutes after epinephrine is started; B, eleven minutes later. 
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2. When a vasopressor drug is needed we 
can better select the proper drug and assess 
its action. 


SUMMARY 


In a previous report we demonstrated that, 
by making a simple modification in the method 
of recording the ear oximeter, one is able to 
obtain, in addition, a record of blood flow in 
the ear which is closely related to cardiac out- 
put. In this paper, we report our observations 
on the relationship between this measure of 
cardiac output and the actions of vasoconstrictor 
drugs during cardiac surgery. In some in- 
stances, we have seen a rise in cardiac output 
with a rise in blood pressure; while in others, 
there has been an accompanying fall in cardiac 
output. The method offers itself as a very con- 
venient way of assessing the actions of the vari- 
ous vasopressor drugs on cardiac output. In 
instances where a rise in blood pressure pro- 
duced by the vasopressor is not accompanied 
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by an increase in cardiac output, all vaso- 
pressor therapy is abandoned or a change is 
made to a more suitable drug. 
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A Special Care Unit for the Postoperative 


Open Cardiotomy Patient’ 


Epcar C. Hanks, M.D., RALPH A. DETERLING, JR., M.D., AARON HIMMELSTEIN, M.D.,f 
MARTIN SCHEINER and E. M. PAPPER, M.D. 


New York, New York 


HE ULTIMATE success of open cardiotomy for 

the surgical correction of congenital and 
acquired cardiac defects depends upon skillful 
postoperative management. ‘The problems of 
immediate concern after open heart operations 
are the establishment and maintenance of: 
(1) optimal respiratory function, (2) cardio- 
vascular stability, (3) normal body temperature, 
(4) electrolyte balance and (5) treatment of any 
complications arising as the result of operation 
or perfusion. 

To help solve these problems we have ar- 
ranged for specially trained nurses who are 
especially interested in the field of cardiac 
surgery to take care of these patients, assigned 
a resident surgeon trained in thoracic surgery 
and a resident anesthesiologist trained in resus- 
citation technics and postoperative care to be 
in constant attendance during the critical first 
twenty-four to thirty-six hours after operation, 
enlisted the aid of a cardiologist for consultation 
and provided precise monitoring instruments{ 
(Figs. 1 and 2) in the Special Care Unit to 
guide the doctors in diagnosis and treatment. 

The usual equipment of the recovery room, 


such as adequate outlets for oxygen and suction§ - 


(Fig. 3) and electricity, emergency resuscitative 
equipment (Ambu Resuscitator Unit®!!), an 
anesthesia machine, laryngoscope, airways, 
endotracheal and tracheotomy tubes and the 
usual pharmaceuticals are provided.! In addi- 
tion, there are croupettes or Fog tents (Refrigo- 
matic Oxygen Tent®), intermittent positive 
pressure demand valves or respirators (the 


t Electronics for Medicine, White Plains, New York. 

§ Melchior, Armstrong, Dessau Co., Ridgefield, 
New Jersey. 

"' Air Shields, Inc., Hatboro, Pennsylvania. 


Bird Mark vu, Bennett or Emerson IPPB 
Apparatus), a Therm-O-Rite®# machine and 
blankets, an artificial pacemaker,** special 
drugs for emergency use, individual bedside 
monitoring equipment for the electrocardio- 
graph, electroencephalograph, intra-arterial and 
central venous pressures, and for counting the 
pulse and rectal temperature measurement and 
a direct writing recorder. tf 

Constant monitoring of these various functions 
has been of definite aid in the operating room. 
Although constant monitoring of all of these 


- functions is not necessary, intermittent monitor- 


ing is most helpful in postoperative manage- 
ment, especially during the first twenty-four 
to thirty-six hours following the operation. 


RESTORATION OF OPTIMAL RESPIRATORY 
FUNCTION 


Although many patients may have nearly 
adequate ventilation, all patients are placed 
in a Fog tent for at least the first twenty-four 
hours. When hypoventilation exists, the endo- 
tracheal tube is left in place and manually 
assisted ventilation or artificial ventilation is 
performed until all immediately necessary 
nursing procedures are completed. A mechani- 
cal assister-controller is then employed to 
provide respiratory support. The degree of 
lung expansion should be checked with a port- 
able roentgenogram as soon as possible in the 
postoperative period. A tracheostomy may be 
performed if this type of therapy is to be used 
for longer than twelve to twenty-four hours. 


4 John Bunn Corp., Buffalo, New York. 

# Therm-O-Rite Products Co., Buffalo, New York. 
** Electrodyne Co., Norwood, Massachusetts. 
tt Sanborn Co., Cambridge, Massachusetts. 


* From the Anesthesiology and the Surgical Services, The Presbyterian Hospital, and the Departments of Anesthe- 
siology and Surgery, Columbia University, College of Physicians and Surgeons, New York, New York. 


Deceased. 
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Fic. 1. Bedside monitoring unit. 


Buckley” advocates the performance of elective 
tracheostomy in patients with severe pulmo- 
nary arterial hypertension a week to ten days 
prior to operation. These patients are par- 
ticularly vulnerable to postoperative pulmo- 
nary complications. 

A tracheostomy ‘‘bypasses” the patient’s 
normal humidification apparatus (nose and 
throat) and causes rapid drying of the tracheo- 
bronchial mucosa. To prevent the develop- 
ment of tracheobronchitis and the drying of 
tissues a constant “fog” of water vapor is ad- 
ministered via a tracheostomy mask. When 
a mechanical assister-controller (IPPB) is em- 
ployed, distilled water is nebulized continuously 
and, in addition, a detergent (Tergemist,® full 
strength) is added every two hours to liquefy 
the tracheobronchial secretions. 

Most patients exhibit some degree of gastric 
aerodilatation at the end of operation. It 
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Fic. 2. Central monitcring station with direct writing 
recorder. 


Fic. 3. Service boxes for oxygen and suction. 


causes discomfort and restlessness and may 
interfere significantly with respiratory exchange 
by restricting diaphragmatic movement. A 
nasogastric tube is inserted at the end of the 
operation and is left in place for at least twenty- 
four to thirty-six hours to decompress the 
stomach. 
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Fic. 4. The postoperative summary chart. 


Depressant drugs are seldom necessary dur- 
ing the early postoperative period. When pain 
does necessitate sedation, 10 to 25 mg. of 
meperidine hydrochloride administered intra- 
muscularly is used as needed. This drug in 
these amounts provides adequate analgesia 
without respiratory depression. 
lessness during the immediate postoperative 
period should not be an indication that seda- 
tion is needed, since this restlessness is usually 
due to hypoxia, which is obviously further 
aggravated by the use of sedatives or anal- 
gesics. 


CARDIOVASCULAR STABILITY 


Blood, Fluid and Electrolyte Balance: The 
patient is weighed immediately prior to opera- 
tion and again at the conclusion of the opera- 
tion. A reasonably accurate blood balance is 
kept during surgery by weighing sponges, meas- 
uring blood loss and replacing this loss as it 
occurs. The postoperative summary chart 
(Fig. 4), containing the blood balance record, 


Unusual rest- . 


fluid and drugs administered during operation 
and laboratory data, is continued in the 
Special Care Unit (Fig. 5). This summary 
conveniently shows the status of the patient’s 
blood, fluid and electrolyte balance and a 
summary of the latest laboratory data. Blood 
lost via the chest tubes is measured and re- 
corded on the chart every halfhour. All blood is 
replaced as lost with citrated blood. If bleed- 
ing does not slow or stop within two to six hours, 
immediate re-exploration of the chest is con- 
sidered to stop active bleeding points or to 
remove clots to permit adequate expansion of 
the lungs. 

As soon as possible after the patient enters 
the Special Care Unit, blood is drawn to de- 
termine the hemoglobin, hematocrit, venous 
clotting time, pH, pCOs, buffer base, oxygen 
saturation and electrolyte balance. If there 
is a metabolic acidosis, sodium bicarbonate is 
administered intravenously. Consideration of 
the use of the buffer THAM, developed by 
Nahas, is also appropriate.*“ 
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The Special Care Unit. 


Electrocardiogram; Heart Block: Continuous 
monitoring of the electrocardiogram is essential 
to observe any changing patterns of cardiac 
conduction and to diagnose right bundle branch 
block due to operative manipulations. If 
complete heart block does develop or is antici- 
pated postoperatively, the artificial pacemaker 
is indicated. The feature of automatic transfer 
to pacemaker by the monitor should not be 
relied upon completely; the attending physician 
is in a better position to utilize the pacemaker 
manually and to set the amplitude of artificial 
stimulation and heart rate.’ In patients ex- 
hibiting partial heart block, isoproterenol (5 
mg. rectally to maintain the heart rate at 80 to 
120 beats per minute) has been successful. 

Blood Pressure: During the first few hours 
following the operation, blood pressure meas- 
urements by the auscultatory method are often 
difficult to obtain. Therefore, direct measure- 
ment of intra-arterial blood pressure is made via 
a polyethylene catheter inserted in the femoral 
artery at the beginning of the operation. The 
catheter is connected to a pressure transducer 
and the intra-arterial pressure is monitored on 
the bedside oscilloscope. The arterial blood 
pressure is a sensitive indicator of cardiovascular 
efficiency. Any significant alteration in blood 
pressure warrants immediate investigation and 
appropriate treatment. The use of vasopres- 
sors may be necessary and, indeed, may prevent 
death in an acute hypotensive crisis; but if 
such agents are used for a period of time, tissue 
perfusion is reduced and the degree of metabolic 
acidosis increases.” 

Impending cardiac failure 


Venous Pressure: 
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or overtransfusion produces an elevation of the 
venous pressure. Hypovolemia due to bleed- 
ing may be suspected when the venous pressure 
decreases. 

The venous pressure is measured via a poly- 
ethylene catheter inserted into the antecubital 
vein and threaded into the superior vena cava. 
By this means, central venous pressure is meas- 
ured during operation and in the postoperative 
period. This catheter is also the main route 
for intravenous fluid therapy. The venous 
catheter is connected to a second pressure trans- 
ducer and the venous pressure is monitored on 
the bedside oscilloscope. 

Pulse Rate: ‘The pulse rate is measured on a 
tachometer which receives its input either from 
the electrocardiographic or the first pressure 
amplifier circuit on the bedside monitor instru- 
ment. The rate may be read from a delayed 
response galvanometer scale and the pulse 
beat is displayed as a flashing red light. 


Bopy TEMPERATURE 


If the patient is slightly hypothermic at the 
end of the operation, he should be warmed to 
normal body temperature. During the first 
four to six postoperative hours, a two to four 
degree elevation of body temperature is fre- 
quently noted. Prolonged hyperpyrexia must 
be avoided, since oxygen utilization is increased 
and the pulse rate may be dangerously elevated. 
All open cardiotomy patients are placed on a 
Therm-O-Rite blanket in the Special Care 
Unit and surface cooling or warming is em- 
ployed to maintain a normal body temperature. 
The rectal temperature is monitored during 
this period via a thermistor probe which is 
inserted at least six to eight inches into the 
rectum and connected to a Tele-Thermometer®* 
in the bedside monitoring unit. 


CEREBRAL COMPLICATIONS 


Patients who do not awaken promptly or in 
whom postoperative coma and/or convulsions 
develop may have sustained cerebral damage 
during the cardiac bypass. Monitoring of the 
electroencephalogram of these patients may offer 
a guide to prognosis and eventual recovery. 
In the treatment of cerebral complications of 
cardiac bypass with hypothermia, monitoring 
of the electroencephalogram is a diagnostic 
aid. 


* Yellow Springs Instrument Co., Inc., Yellow Springs, 
Ohio. 
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MonlIToRING SYSTEM 


Our Special Care Unit (Fig. 5) adjoins the 
regular recovery room and is designed to pro- 
vide care for five patients. The open cardiot- 
omy patient is kept in this unit as long as he 
requires special care: an average of three to 
five days and up to two weeks, on one occasion. 

Four parameters (usually the electrocardio- 
gram, intra-arterial pressure, venous pressure 
and electroencephalogram) are observed simul- 
taneously on a multichannel oscilloscope (Fig. 
1) at the bedside of each patient. The signals 
from each bedside unit are also conveyed to 
a central monitoring station (Fig. 2) where a 
physician may watch the tracings of the func- 
tions of each of five patients on five individual 
oscilloscope screens. He may also, at the 
central monitoring station, selectively monitor 
the pulse rate and/or rectal temperature of 
each patient. 

A four-channel direct writing (heated stylus) 
apparatus (Fig. 2) can record either directly 
from the bedside stations or selectively from the 
central monitoring station. 

Additional functions may be studied if de- 
sired. Respiratory rate and volume can be 
monitored through the pressure transducer and 
phonocardiograms, or electromyograms may be 
studied via the electroencephalogram multi- 
purpose amplifier circuit. 

A monitoring system of this type will not 
only serve as a guide to therapy during the 
critical postoperative period, but will also 
provide a means for further study of the physio- 
logic problems of this most re. period 
of patient care. 


SUMMARY 


Skillful postoperative management, espe- 
cially during the critical first twenty-four to 
thirty-six hours, is essential to the success of 
open cardiotomy for the surgical correction of 
cardiac defects. The organization and use of a 
Special Care Unit for the pomipesenee open 
heart patient are described. 

The problems of immediate postoperative 
care, such as optimal respiratory function, 
cardiovasular stability, maintenance of normal 
body temperature, electrolyte balance and the 
treatment of any complications arising as the 
result of operation or perfusion, are discussed. 

The use of precise monitoring instruments in 
specific ways to guide the physician in the 
diagnosis and treatment of the postoperative 
cardiac patient is presented. 
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Anesthesia for Cardiac Surgery: The 


Immediate Postoperative Period’ 


R. HacKETT, M.D., Emr Biatr, M.D. and MARTIN HELRICH, M.D. 


Baltimore, Maryland 


ne REPORTS of the changing trends in 
cardiac surgery from the simple “‘closed”’ 
technics to the more complex “direct vision” op- 
erations have been concerned with the pre- 
operative evaluation and the management of 
the patient during surgery. Increased knowl- 
edge and more precise control of the patient’s 
operative course have encouraged relaxation of 
the criteria for selection of candidates for correc- 
tive surgery. Unfortunately, at the end of 
operation the careful support of various physio- 
logic parameters may be relaxed and the pa- 
tient is “on his own.” Thus the immediate 
postoperative period may well be a “twilight 
zone’ when derangements or deficiencies in 
certain functions have not yet advanced to an 
obvious stage. The postoperative period cannot 
be considered an entity in itself but an integral 
part of a complex procedure, the events of this 
period reflecting the preoperative and opera- 
tive management of the patient. Failure to 
recognize this relationship is responsible for 
many deaths associated with cardiac surgery. 

In discussing the problems of the immediate 
postoperative period we have chosen to con- 
sider the systems separately: respiratory, circu- 
latory and neurologic. We are aware that the 
events described are closely interdependent and 
may occur simultaneously, adding confusion to 
the recognition and treatment of problems in a 
specific patient. Some justification exists for 
the separate consideration of the systems in- 
volved. The child with a congenital lesion and 
usually a long history of respiratory infections 
will more often exhibit pulmonary complica- 
tions as the predominant problem in the imme- 
diate postoperative period. The older patient 
with a long-standing congenital lesion or ac- 
quired heart disease, because of repeated de- 
mands on a reduced cardiac reserve, will tend to 


display circulatory insufficiency as the pre- 
dominant postoperative derangement.!? 


‘ RESPIRATION 


Causes of Respiratory Depression and Hypoventila- 
tion: Entrance into the pleural cavity results in 
a reduction of ventilatory function of considerable 
magnitude in the early postoperative period.® 
If the sternum has been transected, the stability 
of the thoracic cage is reduced and paradoxic 
movement of the chest wall results. Severe 
incisional pain and the pleural pain associated 
with chest drainage tubes cause splinting and 
almost complete abolition of effective intercostal 
muscular activity. Thus, these patients are 
predominantly diaphragmatic breathers in the 
immediate postoperative period with under- 
ventilation® of significant portions of the lungs 
and seriously impaired mechanics for effective 
coughing. 

Lung volume may be significantly reduced both 
externally and internally. Externally, there is 
compression of the lung by drainage tubes and 
by the collection of fluid in the pleural space; 
internally, lung volume is restricted further by 
areas of incomplete expansion, edema fluid 
resulting from manipulation of the lungs and 
extravasation of blood into the interalveolar 
spaces. This is especially true in cardio- 
pulmonary bypass. Further mechanical inter- 
ference occurs with elevation of the diaphragm 
due to gastric and intestinal distention. Swal- 
lowing of air in light planes of anesthesia, the 
use of positive pressure breathing with a mask 
before and after tracheal intubation or the 
vagolytic effect of hypothermia‘ all may be 
factors responsible for producing this distention. 

Depression of ciliary activity of the respiratory 
tract by anesthetics, tracheal intubation and 
intrathoracic manipulation deprives the patient 


* From the Departments of Anesthesiology and Surgery, University of Maryland School of Medicine, Baltimore, 


Maryland. 
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of the normal tracheobronchial cleansing mech- 
anism. The use of dry gases during anesthesia 
and postoperatively, the effects of large doses of 
belladonna alkaloids and the regimen of post- 
operative dehydration favored by many surgeons 
combine to produce thick, viscous secretions 
which must be dislodged by active coughing. 
The postoperative patient is either unwilling 
or unable to expel these secretions because of 
severe pain and the inability to splint the chest 
wall efficiently to supply an effective tussive 
blast. Alveolar-capillary block may be an ad- 
ditional factor influencing the ability of these 
patients to oxygenate their blood. Many of 
them already have pulmonary vascular changes 
as a result of their cardiac disease. Added to 
this is the accumulation of edema fluid and 
extravasated blood which increases the distance 
between alveolus and capillary.?:* 

Pharmacologic depression of respiratory function, 
either centrally or peripherally, occurs fre- 
quently in the immediate postoperative period. 
Barbiturates and opiates used for preoperative 
medication or induction and maintenance of 
anesthesia are detoxified slowly, especially in 
those patients with reduced body temperatures. 
Significant depression of the respiratory center 
by these drugs may continue into the immediate 
postoperative period. Superimposed on effects 
of these drugs are the inhalation anesthetics 
which also depress the respiratory center. 
In an effort to avoid depression of the myo- 
cardium by these agents, more reliance is 
being placed on the muscle relaxants to obviate 
shivering in hypothermia and to avoid move- 
ment of the patient during light anesthesia. 
The persistence of neuromuscular blockade into 
the immediate postoperative period further 
reduces respiratory efficiency. All these factors 
add further insult to a patient who has had a 
steadily decreasing cardiopulmonary reserve as 
a prime indication for surgery. 

Prevention and Treatment of Respiratory Com- 
plications: A summation of these factors results 
in a patient who is working very hard to move 
an inadequate respiratory volume. Unless 
these factors are anticipated and compensation 
initiated early, exhaustion, hypoventilation and 
respiratory acidosis will result. Treatment of 
respiratory insufficiency should be active and 
carefully planned. The “‘wait and see” attitude 
is probably responsible for a large number of 
deaths following cardiac surgery. The sitting 
position is preferable in the immediate post- 
operative period. It has been shown that 


‘cycled, i.e., used as an assistor. 


ventilatory efficiency and pulmonary com- 
pliance are significantly increased in _ this 
position as compared with the supine. The 
limiting factor in positioning of the patient will 
be the stability of the circulation. 

Many factors determine the type of surgical 
incision but when it can be used the sternal- 
splitting approach to the heart may obviate many 
of the postoperative respiratory deficiencies.’ 
The advantages of this approach are: (1) 
The pleural cavities need not be entered. 
(2) The lungs are not handled during surgery. 
(3) Drainage tubes need be placed only in the 
mediastinum. (4) Postoperative pain is not as 
severe as in the approach necessitating tran- 
section of the sternum. (5) The chest wall 
retains its stability with intercostal muscle 
activity relatively unimpaired. Our experi- 
ence indicates that there is a marked reduction 
in respiratory complications when this approach 
is utilized. 

When significant limitation of ventilation is 
encountered the early use of an_ intermittent 
positive pressure breathing device is indicated. 
We believe that this device should be patient 
The respirator 
serves several purposes. It provides adequate 
respiratory exchange without undue fatigue; 
the positive pressure combats the formation of 
pulmonary edema; it tends to loosen secretions 
in the tracheobronchial tree and aids in their 
removal; it.helps inflate those segments of the 
lung which are inadequately expanded; and 
it may aid in diffusion of oxygen across a 
thickened alveolar capillary membrane. The 
method used to transmit the positive pressure to 
the patient is important. The use of a mask is 
almost impossible and a cuffed endotracheal 
tube is not well tolerated in a conscious patient 
for long periods of time. A tracheostomy with a 
cuffed tube is the ideal method and probably 
represents the conservative approach in these 
patients.'"* The further advantage of easy 
tracheobronchial toilet via the tracheostomy 
would seem to support this view. 

How shall we determine when ventilatory 
assistance is no longer required? It would 
appear that the best single indication is the 
ability of the patient to maintain a near normal 
CO, tension as measured by end-expiratory or 
arterial pCO: when he is permitted to breathe 
spontaneously. Another criterion is the ability 
of the patient to achieve this stability without 
significant fatigue over a period of several 
hours. 
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It should be pointed out that if ventilation is 
adequate, 100 per cent oxygen is not necessary. 
Gastrointestinal decompression will reduce the 
interference with diaphragmatic excursion and 
improve ventilation. Humidification of all 
gases used and strict attention to tracheo- 
bronchial cleansing in the immediate post- 
operative period should require no further 
comment. The relief of postoperative pain 
with opiates and other respiratory and cir- 
culatory depressants should be kept to a min- 
imum. Rather, nerve-blocking procedures 
which will improve respiratory function and 
leave circulation uncompromised should be 
used.° 


CIRCULATION 


Causes of Circulatory Depression: The pre- 
operative medication, consisting of various com- 
binations of opiates, barbiturates, phenothiazine 
derivatives and belladonna alkaloids, is designed 
primarily to depress the central nervous system 
but is equally effective in depressing the cir- 
culation. This depression of circulatory com- 
pensatory mechanisms has been well es- 
tablished in man. The commonly used an- 
esthetic agents, without exception, have also 
been shown to depress both the myocardium 
and peripheral vascular reactivity in man. 

The inevitable handling of the heart necessary 
for adequate surgical exposure traumatizes the 
myocardium. Rhythm changes incident to 
manipulation almost always cause a drop in 
mean arterial and coronary perfusion pressures. 
The introduction of large catheters into the venae 
cavae invariably results in a reduction of venous 
return to the heart, particularly in the younger 
patient in whom the cross sectional area of the 
vessels is already small. This is reflected in a 
reduction in cardiac output and a decrease in 
systemic arterial pressure. This decreases the 
mean coronary perfusion pressure, sometimes 
for a prolonged interval, until the circulation is 
artificially supported by the pump oxygenator. 
Attempts to raise systemic pressure at this 
time by vasopressors are usually unsuccessful. 

Incision into the ventricle and the sutures needed 
to close the incision usually involve some 
portion of the coronary circulation and con- 
duction system with resultant areas of injury 
and increased irritability. The result of these 
insults is dramatically demonstrated in some 
patients following the release of inflow occlusion 
when it is apparent that acute right ventricular 
failure has occurred although the left ventricle 
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appears to be functioning adequately. Asyn- 
chrony between the ventricles, fibrillation of 
the right ventricle with an organized beat of 
the left ventricle and overdistention of the right 
ventricle have been observed. If the myo- 
cardium is permitted to stretch beyond a 
critical point, prolonged myocardial weakness 
may result. 

A detailed discussion of the merits of elective 
cardiac arrest by cardioplegic drugs, anoxia, 
etc. are beyond the scope of this paper. It 
should be pointed out, however, that elective 
arrest is accomplished by upsetting the normal 
metabolism of the myocardium and is im- 
plemented by cessation of coronary blood flow. 
In a short time, energy for the formation of high 
energy phosphate bonds must be derived from 
anaerobic metabolism resulting in an increase 
in metabolites and a decreased myocardial 
pH.'°" In view of the conflicting reports 
concerning the ionic balance of the heart, the 
effect of potassium arrest requires further study. 
It has been reported that excess potassium may 
not be completely removed during the “wash 
out” period. There is evidence of interference 
with the conversion of ADP to ATP in the 
potassium-arrested heart’ and the effect of 
potassium on the digitalized heart is well known. 

It may be argued that an adequate “‘wash 
out” period will restore normal metabolic 
balance to the heart. Unfortunately, most 
studies on myocardial metabolism have been 
carried out in the experimental animal with 
normal coronary circulation. Can these data 
be transferred to the human patient with a 
hypertrophic myocardium and a _ borderline 
circulation? Until we have a definitive answer 
to this question, it would seem desirable to 
avoid many of these problems by maintaining 
some degree of coronary perfusion throughout 
the operative procedure. 

Peripheral vascular instability is added to the 
effect of myocardial depression in these patients. 
Some of this instability is due to the effects of 
preanesthetic and anesthetic drugs alluded to 
previously. The stress of surgery, periods of 
hypoxia due to poor or incomplete perfusion, 
and the metabolic acidosis seen commonly 
following open heart surgery all exert an 
unfavorable influence on the reactivity of the 
peripheral vascular bed. 

In several patients who have had long periods 
of circulatory stagnation a _ shock-like state 
ensued in the immediate postoperative period. 
This is most often seen following prolonged by- 
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pass or extended attempts at cardiac resuscita- 
tion during hypothermia. There is evidence of 
peripheral vascular collapse, peripheral blood 
pooling and a loss of venomotor tone. Blood 
volume estimations by the tagged albumin 
method have indicated a near normal blood 
volume but it is evident that the effective 
circulating blood volume is significantly re- 
duced. The fact that some of these patients 
required transfusion far in excess of the meas- 
ured loss would support this view. !* 

The problem of accurate blood and fluid loss 
estimation, difficult as it is in simple thoracotomy, 
can become even more difficult during cardio- 
pulmonary bypass. Fluids can be lost into body 
tissues as edema or, at an unknown rate, by 
evaporation from the oxygenator and via the 
open chest. It is estimated that 500 cc. of 
water is lost from a simple thoracotomy in one 
hour. Blood replacement, especially in the 
more complicated procedures, may be grossly 
erroneous if banked blood is given to the 
amount of estimated blood loss. This error is 
due to ignoring the fact that each unit of 
banked blood contains 120 ml. of anticoagulant 
solution which has little activity as a plasma 
expander. In those patients receiving from 
10 to 15 units of blood this margin of error 
may be serious. 

Treatment of Circulatory Complications: Al- 
though the foregoing discussion of factors 
responsible for circulatory derangements in the 
immediate postoperative period has undoubt- 
edly suggested specific measures for the 
treatment of these problems, we wish to em- 
phasize the following principles. 

Conservation of myocardial reserve must 
begin with full preoperative digitalization and 


there should be no hesitation to employ digitalis - 


in the postoperative period if it seems indicated. 

Depressant preanesthetic and anesthetic drugs 
must be kept at minimal levels. 

Manipulation of the heart must be gentle 
and strictly limited to that which is necessary. 

Every effort must be bent to the maintenance 
of perfusion pressure at optimum levels in both 
the coronary and general circulation. 

Metabolic changes in the myocardium should be 
kept to a minimum. It has been our experi- 
ence that the use of moderate degrees of hypo- 
thermia (30 to 32°c.) during cardiopulmonary 
bypass has decreased the metabolic changes 
frequently seen at normal temperatures. Frag- 
mentation of blood elements is sharply reduced 
by the lowering of the pump flow rates required 


in the hypothermic patient. Myocardial ef- 
ficiency is increased when metabolic demand 
is decreased. This increases the cardiac reserve 
in these patients. 

The flagging myocardium may be benefitted 
by the judicious use of those sympathomimetic 
pressor amines exerting a positive inotropic 
effect. The use of norepinephrine may be 
necessary if the less potent amines are ineffective 
in increasing myocardial force. Confusion has 
arisen regarding the effects of norepinephrine 
on cardiac output. It seems most likely that 
the reduction in cardiac output found in the 
human is primarily due to a reflex bradycardia. 
If this reflex mechanism is blocked, as is likely 
in most of these patients, cardiac output is 
increased. Unfortunately, the longer the cir- 
culation of a patient is supported by norepi- 
nephrine the more liable he is to become com- 
pletely dependent upon it. 

The treatment of peripheral vascular collapse 
is somewhat more complex because there exist 
two possible approaches to the problem. One, 
which has been mentioned previously, is to 
transfuse the patient regardless of the estimated 
blood loss until the disparity between the 
circulating blood volume and the size of the 
vascular bed has been overcome. The other 
approach is to decrease venous pooling of blood 
by increasing venomotor tone and forcing 
stagnated blood back into circulation. This may 
be accomplished by the use of venoconstrictor 
amines, the scrupulous avoidance of acidosis, 
metabolic or respiratory, and the reinstitution 
of surface cooling in the immediate post- 
operative period. Whichever course of treat- 
ment is elected, it should be initiated early and 
pursued vigorously. Further experience may 
prove that a judicious combination of these two 
approaches will afford the best results. 


CENTRAL SysTEM 


The central nervous system has presented 
little or no problem in these patients when 
perfusion pressure and flow rates have been 
adequate and there have been no hypoxic 
episodes. The acceptable length of time for 
complete occlusion during hypothermia has 
gradually been increased over the past several 
years. Simultaneously working temperatures 
have been elevated. With temperatures of 
27 to 28°c. the surgeon is now tempted to 
increase the period of inflow occlusion to ten 
and sometimes fifteen minutes. Although 
patients have survived this prolonged period 
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of occlusion without apparent neurologic dam- 
age, the difficulty of assessing minor changes 
has precluded measurement of this loss. Our 
data would seem to indicate that the degree of 
difficulty in the postoperative period is related 
to the length of circulatory occlusion during 
hypothermia. In patients operated upon at 
normothermic or moderately hypothermic lev- 
els, electroencephalography will probably give 
the most sensitive indication of the adequacy 
of cerebral oxygenation. This does not seem 
to hold true in the more profoundly cooled 
patient (25 to 27°c.) in whom a completely 
flat electroencephalogram may not be indica- 
tive of a poor outcome. 

If neurologic damage is suspected, the main- 
tenance of a moderate degree of hypothermia 
(32°c.) in the immediate postoperative period 
offers the best hope of minimizing lasting 
sequelae.'® Use of the electroencephalogram 
in the recovery room, at least until muscular 
interference makes this impossible, might pro- 
vide a more sensitive monitor of patient condi- 
tion than the methods usually employed. 


SUMMARY 


The problems that arise in the immediate 
postoperative period following cardiac surgery 
are primarily related to events in the preopera- 
tive preparation and the anesthetic and surgical 
manipulation in the operating room. The 
difficulty may be increased by failure to provide 
adequate support for an inefficient respiratory 
mechanism and a precariously balanced cir- 
culation with little reserve. 

Emphasis should be placed on complete 
preoperative preparation including adequate 
digitalization and a baseline neurologic exami- 
nation. The use of minimal doses of pre- 
anesthetic drugs, anesthetic agents and muscle 
relaxants is essential. sternal-splitting 
incision and minimal handling of heart and 
lungs is recommended. Early use of a mechani- 
cal respiratory assistor through a cuffed trache- 
ostomy tube should be considered the conserva- 
tive approach when indicated. The need for 
sufficient replacement of blood to provide an 
effective circulating volume and the judicious 
use of sympathomimetic amines are outlined. 
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Review 


Postpartum Heart Disease’ 


W. R. MEaApows, M.D.T 


Hines, Illinois 


N A PREVIOUS communication! observations 

were presented on fifteen cases further 
defining a syndrome of idiopathic postpartum 
myocardial insufficiency. Support for the 
etiologic relationship of this syndrome to 
pregnancy was the frequency of recurrence in 
relation to subsequent pregnancies and Hull’s 
observation? that two-thirds of cases of heart 
failure occurring in the postpartum period were 
due to heart disease of other than the usual 
causes. Upon the completion of the above 
study it was believed that a more extensive 
search of the literature would disclose additional 
cases which had been presented under other 
titles. Accordingly such a search was under- 
taken, emphasizing the English language litera- 
ture on heart disease in which the cause was 
unknown. The results were as anticipated and 
these, together with a report of a new case and 
a review of the necropsy reports of all known 
cases, form the basis of this report. It is believed 
that these findings enlarge on the existing 
knowledge concerning this condition and offer 
further evidence in support of the causal 
relation to the preceding pregnancy. 
sideration of the legitimacy of this syndrome, 
denied by some writers,*.* is deemed important 
since it appears reasonable to believe that 
identification and study of the precipitating 
factors, presumably dependent on the preceding 
pregnancy, might provide new insight into the 
cause of some instances of idiopathic myo- 
cardial insufficiency unrelated to pregnancy. 


HIsToRICAL ASPECTS 


The earliest instances of nonvalvular post- 
partum myocardial insufficiency that were 
found in the literature are included in an 


Con- 


article on chronic heart disease by Ritchie® 
from the Glasgow Royal Infirmary in 1849 and 
1850. Clinical summaries of seven of these 
cases were remarkably similar to more recent 
descriptions of postpartum heart disease and 
his belief that these instances were somehow 
related to the previously pregnancy is addi- 
tionally interesting. A number of isolated 
reports of obscure puerperal congestive failure 
were found in the literature during the follow- 
ing forty-four years;$—!7 however, with the 


exceptions of Ritchie, Barker® and _ possibly 


one other,'® there is little indication that any 
physicians of this era had an awareness of the 
possible importance of this condition as a 
syndrome. The interested reader is referred to 
the comments by Barker,’ a case report from 
the service of Goodhart" at Guy’s Hospital in 
London, as well as two other reports.” 
Curiously there does not appear to be any 
instance in the literature for the period 1894 
to 1922. 

Cumulative observations beginning shortly 
after World War 1 have resulted in the collection 
of sufficient data for the serious consideration of 
a new cardiologic entity although it is in- 
frequently recognized. Credit for having. pro- 
vided the initial stimulus belongs to Herr- 
mann'® who during his residency at Barnes 
Hospital, St. Louis, observed his first case in a 
thirty-three year old nurse. Limited data are 
recorded on her in his PH.D. thesis published in 
1922'* but in the following year the case was 
reported in full. In 1930 he wrote briefly of 
his observations on four such patients at 
Charity Hospital, New Orleans, and stated: 
“Pulmonary thrombosis from stasis and pul- 
monary congestion, the result of myocardial! 


* This work was completed while a member of the staff of the Veterans Administration Hospital, Palo Alto, Cali- 
fornia, and is published with the approval of the Dean’s Committee of the Stanford University Medical School. 


T Present address: V. A. Hospital, Hines, Illinois. 
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insufficiency, is another serious type of heart 
failure that has been previously little if at all 
mentioned, and is here noted as a complication 
of pregnancy.’ Other physicians at Charity 
Hospital began to take note of such cases about 
that time, and Hull” gives Howard H. Russell, 
a fellow resident, credit for having aroused his 
interest in the condition shortly after coming to 
New Orleans in 1931. Also stimulated by 
Herrmann’s report were Gouley, McMillan 
and Bellet of the Philadelphia General Hospital, 
and the subsequent independent studies of Hull 
and the Philadelphia group resulted in the 
publications of detailed clinical and pathologic 
observations by both in 1937.%-?4 In the 
twenty years since then interest in “‘post- 
partum heart disease’? has been reflected by 
case reports coming from Canada,”* the Nether- 
lands,” China,”’ Denmark,”* Brazil,?*:, Argen- 
tina,*' France® and various parts of the United 
States.*-’-43 During approximately the same 
period of time cases of this syndrome, apparently 
unrecognized as such by their authors, have 
also appeared in the literature and _ been 
reported as isolated myocarditis,“*7 myo- 
cardial infarction,** idiopathic cardiomegaly*® 
and idiopathic endomyocardial necrosis,*® each 
but a different facet of this myocardiopathy 
following pregnancy. 


CLINICAL ASPECTS 


The descriptions of most of these observers 
have delineated a fairly characteristic clinico- 
pathologic picture. In a minority of the 
patients symptoms of cardiac insufficiency first 
appear in the last trimester, disappear at the 
time of delivery and then recur later in a more 
severe and intractable form. This latent 
period which usually follows delivery may be as 
long as five months but frequently does not 
extend beyond six weeks. Prodromal weakness 
and fatigue may be present during this time. 
Then one or more symptoms of left heart 
failure, i.e., paroxysmal nocturnal dyspnea, 
orthopnea and cough, follow; subsequently, 
hemoptysis, gastrointestinal symptoms and chest 
pain develop in some patients. Woolford’s 
third case*! as well as personal observations on 
patients who have recovered and have had 
subsequent pregnancies suggest that such 
symptoms, particularly in the forme fruste, 
may be difficult to distinguish from those of 
influenza, bronchitis and other respiratory 
infections. Exertional dyspnea and signs of 
right heart failure may be delayed for some 
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time and in some patients hospitalization will 
have occurred before the condition has pro- 
gressed to this point. Fever found in some 
patients is probably secondary to episodes of 
pulmonary and systemic embolization which 
are not infrequent and which may occur very 
early in the course of the disease. In addition 
to the presence of a systolic murmur and the 
usual signs of congestive failure, both of which 
may or may not be present, prominent findings 
consist of gallop rhythm, a labile, transient 
and predominantly diastolic hypertension and 
T wave inversions in the electrocardiogram. 
Hypertension is absent in some patients and 
with our present knowledge it is believed that 
hypertension should be considered an example 
of Sahli’s “‘high pressure stasis.”** A mild to 
moderately severe anemia has not been an in- 
frequent finding but other laboratory studies 
have been noncontributory. Further details 
of the clinical picture are presented elsewhere.' 


CasE REPORT 


An eighteen year old primiparous Negro female 
was admitted to Cook County Hospital on August 16, 
1953, with the diagnosis of acute rheumatic myo- 
carditis and possible glomerulonephritis. She had 
been orthopneic and had had occasional nausea, 
vomiting and pain in both flanks since the termina- 
tion of an uneventful pregnancy three months before. 
More recently, swelling of the ankles and fingers had 
been noted. Chest pain, cough, hemoptysis, nocturia 
and exertional dyspnea were all denied; she stated 
that she was able to climb three floors to her apart- 
ment without becoming short of breath. Her pre- 
vious health had been good, and there was no history 
of heart disease. 

Physical examination revealed a well developed, well 
nourished woman lying in the orthopneic position 
with moderate tachypnea. Blood pressure was 
120/80, pulse 140 (regular) and temperature 101 °F. 
The cardiac apex was palpated in the sixth inter- 
space in the anterior axillary line and with percus- 
sion it was noted that the heart was enlarged to both 
the right and the left. A _ protodiastolic gallop 
rhythm was present but no murmurs were heard. 
The findings of a pleural effusion were noted over the 
lower two-thirds of the right hemithorax, a nontender 
liver edge was palpated 4 to 5 cm. below the right 
costal margin and the lower extremities were mark- 
edly edematous. The venous pressure as measured 
in an antecubital vein was 195 mm. of water but no 
venous distention was noted. The remainder of the 
examination including ocular fundi revealed nothing 
positive. 

Laboratory Findings: X-ray examination of the chest 
confirmed the tremendous generalized cardiac en- 
largement and the effusion at the right lung base. A 
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lateral view of the skull and a barium enema examina- 
tion were negative. An electrocardiogram showed a 
sinus tachycardia with a rate of 140, P-R interval of 
0.14 second, low voltage of the QRS and low to in- 
verted T waves in leads n, in, aVF and V; through V¢. 
Two hemograms shortly after admission disclosed a 
hemoglobin of 40 to 46 per cent, red blood cell count 
of 3.8 to 4.0 million/cu. mm., white blood cell count 
of 13,800 to 15,750/cu. mm. with 85 per cent neutro- 
philic leukocytes and a reticulocyte count of 8.4 per 
cent. On smear there was marked hypochromia, 
moderate anisocytosis, poikilocytosis, and _poly- 
chromatophilia, and a lesser amount of targeting of 
erythrocytes and toxicity of leukocytes; seven nu- 
cleated red blood cells were also seen. A lupus erythe- 
matosus cell preparation of the peripheral blood and 
a direct Coombs test were negative. The bone mar- 
row was moderately hypercellular; megakaryocytes 
were normal in number and appearance; the nu- 
cleated red blood cell to white blood cell ratio was 
approximately 1:1; erythropoiesis was normoblastic 
and granulopoiesis was slightly toxic. These find- 
ings were considered compatible with the clinical 
diagnosis of Mediterranean anemia. Two blood cul- 
tures were taken and subsequently reported positive 
for anaerobic diphtheroids. Blood Kahn was nega- 
tive. Blood NPN was 32. Urinalysis was _ re- 
markable only for a moderate number of leukocytes 
noted microscopically. A battery of liver function 
tests on August 18 and again on September 17 
showed a 4 plus cephalin flocculation on both occa- 
sions, thymol turbidity of 7.4 to 8.2 units, gamma 
globulin of 1.45 to 1.89 gm. per cent, albumin-glob- 
ulin ratio of 2.8/2.5 and 3.4/3.2, alkaline phospha- 
tase of 3.4 to 3.8 Bodansky units and icterus index of 
11 to 46. Serum electrolytes as determined on Sep- 
tember 11 and 17 revealed the sodium ranging from 
133 to 145 mEq./L., chloride from 94 to 107 
mEq./L. and potassium 4.0 to 5.6 mEq./L. 

Clinical Course: The patient failed to improve fol- 
lowing hospitalization and continued to be febrile 
intermittently. On August 21 and 22 she was given 


a total of 1,500 cc. of whole blood and the following’ 


day, although subjectively improved, was noted to 
have marked scleral icterus. Later that day there 
was a three hour episode of diaphoresis and extreme 
dyspnea and the blood pressure became temporarily 
unobtainable. During the first week in September 
sharp pain in the left chest developed, and on one 
occasion during this time she reported the emesis of a 
small amount of blood. Bronchial breathing was 
heard in the left lung base on September 11 and a 
thoracentesis two days later resulted in the removal 
of 1,000 cc. of bloody fluid. Three weeks previously 
2,000 cc. of similar fluid had been removed on the 
right. She was found dead in bed on September 18. 
In addition to the usual measures employed for con- 
gestive heart failure treatment had included several 
courses of penicillin, ferrous sulfate orally and 40 
units of ACTH daily from September 9 to 17 (com- 


bined with potassium citrate orally, 4 gm. daily). 
Diagnoses entertained by the staff were subacute bac- 
terial endocarditis, rheumatic pancarditis and lupus 
erythematosus. 

Postmortem Examination: The pericardial sac con- 
tained 25 cc. of clear fluid. The heart weighed 350 
gm. and was dilated. The left ventricular wall 
measured 12 mm.; the right, 5 mm. Papillary 
muscles and trabeculae carneae were thickened and 
flattened, especially in the right ventricle. Extensive 
mural thrombi covered the lower septal and apical 
portions of the left ventricle and were also present 
in the right ventricle. These vegetations between 
the trabeculae were firmly adherent; their centers 
were soft and contained a pus-like material. The 
valves were normal. The myocardium was mottled 
yellow and pale reddish brown. The cut surface 
through the septum and through the wall of the left 
ventricle exhibited some white scars in the subendo- 
cardial portion. While this is otherwise found in 
coronary occlusion, careful dissection of the coronary 
arteries gave no clue for the extensive change in the 
myocardium. 

Microscopically, fibrotic foci without inflammation 
were noted in the myocardium. In Van Gieson’s 
stain membranes appeared to separate the heart 
muscle fibers, especially in the subendocardial layer. 
In Mallory’s connective tissue stain fibrosis was seen 
in areas in which the heart muscle fibers had dis- 
appeared. The papillary muscles were particularly 
involved. In the subendocardial area focal circum- 
scribed degeneration with vacuolization of the heart 
muscle fibers were noted without inflammatory 
process. Intra- and extracellular edema distorted 
the heart muscle fibers to complete the picture of a 
degenerative myocardosis. In contrast, in some foci 
small myocardial necroses with inflammation were 
seen. This was particularly the case in some dis- 
tance from the endocardium. These anoxic foci were 
probably the result of small myocardial emboli, ap- 
parently recent, complicating the diffuse myocardial 
lesion (Fig. 1). 

Both lungs were riddled with infarcts due to exten- 
sive thromboembolic involvement of the pulmonary 
arteries. Examination of the pituitary and the ovary 
did not disclose any morphologic evidence of a pre- 
ceding toxemia. The remaining findings consisted 
of passive congestion of the liver, kidneys and the 
spleen. (The preceding pathologic remarks are an 
abridgement of those made by Dr. Hans Popper at a 
clinicopathologic conference at Cook County Hos- 
pital, March 4, 1954.) 


PATHOLOGIC ASPECTS 


Since eventual recovery is the rule, pathologic 
observations have accumulated slowly and as 
yet no review of the scattered reports in the 
literature has appeared. Grossly the picture 
is that of a soft, flabby, dilated heart with 
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Fic. 1. Reported case. Foci of disintegrating myocardium in the absence of an inflammatory reaction and 
progressing to fibrosis as noted in D. Hematoxylin and eosin. A and D, original magnification X 120. 
B and C, original magnification X 300. 


mural thrombi in the ventricles and less often 
the right atrium. Dilatation of the right ventricle 
may be especially marked and is probably due 
to complicating pulmonary emboli. Variable 
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degrees of endocardial thickening found in some 
hearts appear, at least in part, to be the fibrotic 
end stage of thrombus resolution. An increased 
amount of pericardial fluid, when _pres- 
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Fic. 2. Histopathology of similar cases reported under other titles. A, foci of vacuolated myocardial cells 
beneath the epicardium of the left ventricle of Rathe’s case. B, foci of myocytolysis progressing to scar 
formation in Ecker’s case.“ C, destruction of muscle fibers in Balchum, McCord, and Blount’s case.’ D, area 
of coagulation necrosis in Stemmermann’s case. Hematoxylin and eosin stain X 120. 


ent,” 46.47.59 is probably of the same nature Various degrees of myocardial degeneration 
as the pleural and peritoneal effusions, although were noted in twenty-four! 
in the latter locations it is more obviously the 49*4?49-47-48,50,214.215 Of the twenty-eight cases 
result of congestive failure. which have been found in the literature!” 
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Fic. 3. A, area of myocarditis in left atrium. of case of Balchum, McCord, and Blount.“ B, replacement 
fibrosis in same case. Hematoxylin and eosin stain X 120. 


23 ,24 ,25 ,26 ,29 30 ,32 ,35 37 ,40 ,42 ,45 ,46 , 47,48, 49,50 ,214 and 


most of the descriptions strongly suggest that 
it is the primary micropathologic alteration 
in this condition (Fig. 2). Particularly im- 
pressive was the similarity in the clinical and 
pathologic findings of Rathe,** Hull,?* Gouley 
et al.,24 Zamanskcya*® and Stemmermann,*® 
since each made his observations independently, 
giving no indication of a knowledge of the work 
of the others. In thirteen 1,74,?5,29,82,42,47,48,50 of 
the twenty-two cases with degenerative changes 
associated fibrosis was noted, and in several 
instances various stages of the fibrous tissue re- 
placement of the myocardial fibers were also 
observed.”4:?9-48:5° The pathogenesis of the 
fibrosis being established in these cases, one 
may reasonably suspect that fibrosis as the prom- 
inent or only finding in three others*®:4¢.49 
probably had a similar origin. 

Inflammatory cell infiltration, present in a 
number of instances, reached the proportions of 
“myocarditis” in Faerchtein’s and Balchum’s 
cases** 4? (Fig. 3). Since the clinical picture in 
these latter instances was nevertheless typical, 
the pathologic significance of the inflammatory 
lesions becomes of crucial importance. Viewed 
superficially myocardial degeneration and myo- 
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carditis might seem mutually exclusive, but it 
should also be recalled that a commonly ac- 
cepted response to myocardial cell injury and 
subsequent degeneration is some form of inflam- 
mation. The absence of inflammatory cells in 
some degenerative lesions may be explained by 
the stage of the process or, as Schlesinger sug- 
gests for myocytolysis,** may be the result of a 
metabolic imbalance which is insufficient in 
intensity or duration or both to cause stromal 
injury or to elicit a reactive exudation. Whether 
these cases of “‘myocarditis” are merely varia- 
tions of the same process that occurs in instances 
characterized by lesser amounts of cellular 
infiltration or whether they represent a different 
process, a primary or interstitial myocarditis, 
cannot be definitely answered at the present 
time. However, the situation does not seem 
dissimilar to that which obtains in diphtheria 
and true infarction in which a _ secondary 
inflammatory response follows degeneration of 
the parenchyma.™ It is to be hoped that 
problems of semantics and variations in empha- 
sis by the different observers will not unduly 
delay resolution of this controversial aspect. 

The infarctoid character of many of the 
myocardial lesions (Fig. 4) suggests that they 
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Fic. 4. A, B and C, large areas of fibrosis in the myocardium. Original magnification X 11. D, E and F, 
preservation of myocardial fibers beneath the endocardium and around a vein, a pattern suggestive of in- 
farction and strikingly similar to Gouley’s*‘ Figure 1. Hematoxylin and eosin X 120. Specimens are from 
the cases of Ecker“ (A and D), Balchum*® (B and E), Stemmermann™ (C), and Popper (present case) (F). 


may be the result of emboli coming from the 
mural thrombi as is the case with infarcts in 
other organs. Such a concept has received 
previous consideration both here and else- 
where? and may have been the basis for the 
thrombi seen in two microscopic vessels of 
Rathe’s case.** While comparison with a 
similar situation in subacute bacterial endo- 
carditis lends further support to such reasoning, 
this explanation leaves obscure the formation 
of the mural thrombi themselves; and at the 


present stage of knowledge one can only 
speculate on which is primary and which 
secondary or whether they are even related 
phenomena. In this connection it is important 
to note that Selye,®® using a combination of 
large doses of hydrocortisone and _ severe 
neuromuscular stress, has induced infarctoid 
lesions in the hearts of monkeys. 

It has been stated,®® without reference to 
any particular case, that histologic examination 
may reveal no myocardial changes in this 
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condition, but strictly speaking no such instances 
have been found in the course of this search of 
the literature. It is true, however, that inspec- 
tion of the sections of a number of the above 
cases has revealed considerable variation in the 
severity of the findings from case to case as well 
as in different regions of the same heart. 
Since changes in some sections may be minimal, 
it seems advisable that tissue examination 
include specimens from many different areas 
of the myocardium. 

Certain cases with features deviating from 
the above clinicopathologic descriptions point 
up a problem in classification since it is ob- 
viously quite possible for heart disease with 
one or more cases, idiopathic or specific, to 
occur at this time. Thus Lindeboom’s case”® 
does not appear to have shown the definite 
degenerative changes of the others, and the 
clinical picture was also atypical. It is not 
clear that symptoms of left heart failure were 
conspicuous at any time, the prominent finding 
being a more or less marked tachycardia which 
just before delivery was thought to be paroxys- 
mal. Gallop rhythm was not mentioned, and 
decompensation did not ensue until several 
weeks after the tachycardia was first noted. 
Mendelson*’ has reported two cases of acute 
isolated myocarditis occurring in the sixth 
and seventh months of the patients’ pregnancies, 
the only such instances recognized in 64,992 
pregnant women at the New York Lying-In 
Hospital from 1932 through 1950. Both 
patients died undelivered after a fulminant 
illness lasting less than a week. Parenchymal 
as well as interstitial lesions were present, but 
one infers from the discussion that the latter 
was the predominant process. A case of myo- 
carditis of little more than two weeks’ duration 
and death a few hours after delivery has also 
been reported by Lawrence and Carmichael.® 
At necropsy examination the myocarditis was 
considered to be nonspecific, but later examina- 
tion of recut sections from the bulbopontine 
area of the brain revealed findings compatible 
with acute bulbar poliomyelitis. 

Benchimol*® has reported a case of miliary 
tuberculosis involving the myocardium with 
death occurring about two months after 
parturition. The clinical picture of fever, 
asthenia, dyspnea, orthopnea, hemoptysis, gallop 
rhythm, absence of dependent edema, inverted 
T waves and reduction of heart size with treat- 
ment was quite typical of the syndrome under 
discussion. Benchimol believed that the 
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hemoptyses were the result of the multiple 
pulmonary infarctions found at necropsy ex- 
amination but the numerous foci of disappearing 
myocardial fibers with intense cellular infiltra- 
tion, as portrayed in the photomicrograph, 
were interpreted as tuberculous follicles. There 
was no mention of bacterial confirmation. 


PosTPARTUM HEART DISEASE VIEWED IN 
CONTEXT WITH HEART DISEASE OF UNKNOWN 
CAUSATION IN YOUNG ADULTS 


In 1929 shortly before Herrmann published 
his observations, the first case of acute isolated 
myocarditis to appear in the English language 
literature was reported.®® Since then cases of 
idiopathic myocardial hypertrophy and endo- 
cardial fibrosis have also been reported, and in 
general a rather considerable English language 
literature on heart disease with cause unknown 
has accumulated. When this material is 
reviewed, it is found that seven*>-44-46,47,49,50,60 
of the thirty-seven®*—* cases of idiopathic 
congestive failure in women between the ages 
of eighteen through forty-four and reported 
between 1929 through 1957 have had their 
onset either in the last trimester of pregnancy or 
within the first six weeks thereafter. No 
instances were found in the first two trimesters or 
in the postpartum period after six weeks up to 
six months; neither were cases in relation to 
abortions before the third trimester recorded. 
Not included in the study were cases reported as 
syphilitic myocarditis, myocardial toxoplas- 
mosis, myocardial calcification or beriberi 
heart disease, although two cases reported* 
as the latter had delivered two to three months 
before and symptomatically closely resembled 
those under discussion. Also eliminated were 
certain cases with grossly insufficient clinical 
details**:*’ and selected cases of “‘postpartum 
heart disease” reported as such and not part of 
an unselected series in which the cause of heart 
disease was unknown. Mendelson’s®’ cases of 
myocarditis were excluded for similar reasons. 
The completeness of the review has depended on 
information supplied by two indices of the 
medical literature.**:*® 

While 19 per cent seems greater than what 
might be expected to occur by chance alone, 
this aspect was further investigated by reviewing 
in a similar fashion a control series of idiopathic 
myocardiopathy with manifestations other than 
congestive acute infectious idio- 
pathic pericarditis,'°°~!*° relapsing febrile nodu- 
lar nonsuppurative and acute 
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and subacute nonsuppurative thyroiditis.!®~—?° 
The proportion occurring in the last trimester 
of pregnancy or during the first five months 
postpartum was 0:13, 1:23, 2:49 and 2:83, 
respectively, making a total of 5:168 control 
cases. If the postpartum period is restricted to 
the first six weeks, the proportion is 0:13, 1:23, 
2:49 and 0:83, respectively, and the description 
of the one case of pericarditis! leaves a suspicion 
that it may have been an instance of post- 
partum heart disease instead of pericarditis. 
Not included were three cases described as 
following an abortion, all presumably within 
the first four to five months of gestation. This 
was believed justified since no cases of idio- 
pathic congestive failure have been reported 
following abortions in the first half of pregnancy. 
The difference between the control series (up to 
five months postpartum) and the series under 
study (postpartum heart disease) is significant 
at the 0.001 level using the chi square test with 
Yates’ correction. 

As a further check on the validity of the 
above results Dr. E. N. Silber of Michael Reese 
Hospital, Chicago, has kindly studied his 
material on myocarditis in a similar fashion.”!° 
He finds that sixteen of his twenty-one patients 
were women in the above age group and in 
congestive failure. Four of these women first 
became ill within two months following delivery. 
During their illnesses there was a fourfold rise 
in specific antibodies to influenza A and B in 
one, primary atypical pneumonia in another, 
while a presumptive diagnosis of virus myo- 
carditis was made in the other two. All re- 
covered. 

Reasons for Infrequent Recognition of Post- 
partum Heart Disease: It is unfortunate and to 


some extent puzzling that a syndrome with 


such intriguing etiologic implications and with 
an estimated incidence of 1 in every 1,300 to 
4,000 births is not recognized more often. 
Leading authorities*~*'* on heart disease in 
pregnancy state that they have never seen a case 
and believe that this is due to the possible 
variation in incidence secondary to nutritional 
and other socio-economic factors. While such 
a situation is not unique in the history of 
medicine, an attempt to understand some of the 
factors involved seems appropriate and may 
also hasten the day of its more general recogni- 
tion and etiologic study. First, it should be 
remembered that this condition is not really a 
problem of pregnancy but one of the months 
that follow. As such there is little reason for it 


to come to the attention of obstetricians or 
their cardiologic consultants. Instead it would 
be expected to be seen most frequently by the 
internist or the general practitioner. Secondly, 
it is to be noted that writers who have been 
most impressed by the constancy of the basic 
clinical picture have been residents who have 
observed and reported on multiple cases seen 
on large medical wards. In other situations the 
syndrome appears to be of sufficient rarity to 
occur but seldom in the experience of a single 
physician. When to this consideration is 
added the peculiar ability to simulate other 
entities and the infrequent opportunities for 
pathologic studies early in the course of the 
disease, it becomes more apparent why its 
uniqueness has escaped attention. 

That this situation is now changing is in 
part due to the increased interest in and 
awareness of myocarditis and heart disease of 
unknown etiology in the thirty years since 
Scott and Saphir’s first English language 
report®® on isolated myocarditis. In the past 
these cases have masqueraded as instances of 
rheumatic heart disease because of the presence 
of a systolic murmur,!':47:4* hypertensive heart 
disease because of the transient hypertension! or 
pericarditis with effusion when fluoroscopy 
demonstrated generalized enlargement with 
poor pulsations of the cardiac borders,' 4? 46-47-49. 
50 while early embolic phenomena appear to 
have been responsible for such diagnoses as 
subacute bacterial endo- 
carditis,':*4:4? brain tumor! and ruptured ectopic 
pregnancy.! Lupus erythematosus has also 
been considered in several instances, but 
lupus erythematosus cell preparations have 
been negative in each case tested.” :#-46-47,50 A 
more general awareness of the syndrome in the 
future should prevent such misdiagnoses when 
the occasional case is seen. In addition to these 
considerations other factors which may have 
been responsible for the slow dissemination 
of knowledge on this subject have been the 
decidedly restricted geographic distribution of 
publications in which several important articles 
have appeared and the absence of a discussion 
of the syndrome in many texts of cardiology 
until recently. 


SUMMARY 


A search of the literature reveals that instances 
of obscure congestive failure following preg- 
nancy were reported as long ago as 1849. 
There are indications that Barker had some 
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notion of the existence of such a syndrome, and 
a case occurring on the service of Goodhart at 
Guy’s Hospital is noted in the Transactions of 
the Pathological Society of London for 1885. 

In the past thirty years and following the 
reports of several observers at Charity Hospital, 
New Orleans, instances of this syndrome have 
been reported from various sections of the 
United States as well as the rest of the world. 
Most of these observers have been aware of the 
syndrome which they were describing but in a 
number of instances this was not so. Neverthe- 
less, this review of all reported cases suggests 
that with few exceptions, which may have 
occurred fortuitously, the myocardial lesions 
have been similar in the various instances. 
These include diffuse degenerative changes, 
foci of myocytolysis and necrosis which may 
become confluent, and areas of fibrosis large 
enough in some cases to resemble myocardial 
infarcts. The occasional preservation of a 
narrow band of myocardium just beneath the 
endocardium and around veins adds further 
support to this observation. Inflammatory 
cell infiltration of some of the lesions would 
appear to be a secondary response to the paren- 
chymal degeneration, but in two instances this 
phenomenon reached sufficient proportions to 
be interpreted as “myocarditis.” 

This study includes a case report and also 
presents data suggesting that idiopathic con- 
gestive failure follows pregnancy more often 
than might be expected by chance alone. 
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Experimental Studies 


Effect of Cardiac Arrhythmias on the 
Cerebral Circulation*® 


Corpbay, M.D., F.A.c.c. and Davin W. Irvin, M.D. 
Los Angeles, California 


1926 Barnes’ reported that paroxysmal 
atrial tachycardia might induce neurologic 
disorders. We later demonstrated?* that hemi- 
plegia might occur immediately following 
paroxysmal supraventricular or ventricular 
tachycardia. This suggested that many re- 
current transient strokes might be due to an 
unsuspected cardiac arrhythmia. While it 
has been demonstrated that cardiac arrhythmias 
have a profound effect on the cardiac output 
and systemic blood pressure,‘ experimental 
studies of their effect on the cerebral circula- 
tion have been lacking. The purpose of the 
present study was to investigate the effect of 
cardiac arrhythmias on the cerebral circulation. 
It was found that the various arrhythmias 
resulted in significant decrease in cerebral 
arterial flow and in increased arterial resist- 
ance. New improved electromagnetic tech- 
nics were used for measuring the cerebral 
_blood flow which allowed very accurate meas- 
urements during artificially induced arrthyth- 
mias. 

Blood flow determinations have been made 
in the past by various other technics, all of 
which were either indirect or required cannula- 
tion of a blood vessel. Among these methods 
can be listed the nitrous oxide technic which is 
an indirect method, the accuracy of which has 
been recently questioned.5 Direct cannulation 
of the vessel and measurement of the blood flow 
in a graduated vessel resulted in a change in the 
physiologic preparation due to continued hemor- 
rhage and excluded considerations of the pe- 


* From The Institute for Medical Research, Cedars of Lebanon Hospital, Los Angeles, California. 


ripheral resistance. Cannulation and the direct 
measurement of blood flow by diverting the 
blood stream extracorporeally through a ro- 
tameter or dropmeter bypassed this objection. 
However, cannulation required transection of 
the blood vessel, thereby destroying the vaso- 
motor control to the vessel wall. The insertion 
of a cannula also resulted in the introduction of 
an obstruction to the blood flow and the possible 
creation of artificial and undesirable eddy 
currents in the blood stream. Resistance to 
blood flow was artificially changed; therefore, 
accurate calculations of this factor were 
impossible. Gradual inadvertent clotting of 
blood within the extracorporeal apparatus 
resulted in slowing and artificial changes in 
blood flow which were often not immediately 
recognized. Instantaneous flow changes could 
not be determined with the rotameter due to 
the inherent lag in the apparatus. 

In the experiments to be described we have 
measured the cerebral blood flow with a mag- 
netic “‘probe’” connected to a square wave 
electromagnetic flowmeter and integrator-com- 
puter.t This is undoubtedly the most satisfac- 
tory and accurate method to measure blood 
flow. The advantages are: (1) it allows blood 
flow measurements in the intact vessel without 
introducing any obstructive elements; (2) 
the response to change in blood flow is instan- 
taneous; (3) peripheral resistance is not al- 


t “‘Metreflo System,’”? Avionics Research Products 
Corp., 1215 El Segundo Boulevard, El Segundo, Cali- 


fornia. 


This study 


was aided by grants from the National Heart Institute (H-4685-R1), Ventura, Tulare and Santa Barbara County 
Heart Associations, Beneficial Standard Life Insurance Company, and the Spiros G. Ponty, Charles P. Skouras, Jules 


Stein and Hal Wallis Foundations. 
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ATRIAL FIBRILLATION 


Fic. 1. Recordings of electrocardiogram, femoral blood 
pressure, electromagnetic phasic flow and integrated 
blood flow of the internal carotid artery of a dog during 
regular sinus rhythm, atrial tachycardia and atrial 
fibrillation. The integrated flow was 60 cc..per minute 
during regular sinus rhythm, 52 cc. per minute during 
atrial tachycardia and 42 cc. per minute during atrial 
fibrillation. 


tered; (4) only a short length of vessel need be 
isolated, thereby minimally disturbing vasomo- 
tor control; (5) the calibration curve is linear; 
(6) results are reproducible; and (7) anticoagu- 
lants are not necessary. 

The electromagnetic flowmeter technic was 
first developed by Kolin® in 1936 and was later 
modified by Denison, Spencer and Green.’ 
The principle of electromagnetic flow measure- 
ment may be stated as follows: An electrical 
conductor, such as blood or saline, generates a 
voltage when it flows transversely through the 
lines of force of a magnetic field. The flow 
voltage generated is proportional to the mag- 
netic field intensity and the flow rate of the 
conductor. 
flow voltage and transmit it for amplification 
and subsequent recording, are diametrically 
positioned at a right angle mutual to the 
flow axis and the lines of force of the magnetic 
field.° We have modified the previous tech- 
nics by the addition of an integrator-computer 
which continuously calculates the blood flow 
during rapid fluctuations which, up to now, 
could not be measured with any degree of 
accuracy. 


TECHNIC 

Thirteen mongrel dogs with weights varying 
from 35 to 55 pounds (15.9 to 25.0 kg.) were 
anesthetized with intravenous sodium pento- 
barbital (2.3 cc. per kg.). 


An intratracheal 


Two electrodes, which sense the’ 


cannula was inserted and connected to a pump 
- respirator for positive pressure breathing. The 
left side of the chest was opened between the 
fourth and fifth ribs, the lung was retracted and 
the pericardium was exposed and incised to 
allow easy access for stimulation of the left 


atrium and ventricle. A catheter was inserted 
in to the right femoral artery and connected toa 
Statham strain gauge for measurement of the 
blood pressure. The strain gauge and lead n 
of the electrocardiogram were connected to a 
multichannel (Electronics for Medicine) photo- 
graphic recording machine. ‘The right femoral 
vein was cannulated for administration of 
intravenous fluids. The right common carotid 
artery and the internal and external carotid 
branches were identified, and a section of the 
internal carotid artery was freed from surround- 
ing tissues for a length of 2or3cm. An electro- 
magnetic probe with a lumen diameter of 3 
mm. was attached to the internal carotid artery 
so that the outside walls of the vessel were in 
close contact with the electrodes of the probe 
without causing any external constriction of the 
vessel. The electrical contact of the vessel 
wall with the electrodes and the ground cuffs 
which are within the lumen of the probe was 
enhanced by surrounding the area with saline 
or blood during the course of the experiment. 
The weight of the probe was supported by an 
overhead bar on a clamp stand. The magnet 
and electrode leads were attached to an Avion- 
ics electromagnetic flowmeter which, in turn, 
was connected to an Avionics electronic 
integrator-computer and, thence, to the multi- 
channel recording machine. An automatic 
timing device was inserted in the circuitry of 
the integrator-computer so that the instrument 
automatically integrated the blood flow for a 
period of 30 seconds and then automatically 
returned to zero before starting to integrate 
again. 

The vessel was then occluded with a rubber- 
shod hemostat and the needle of the flowmeter 
set at zero by a manual adjustment knob. 
The length of time required to occlude the vessel 
and set the flowmeter at zero was no longer than 
5 or 6 seconds. The absence of pulsatile 
oscillations of the needle on the flowmeter indi- 
cated complete occlusion of the vessel. For 
zeroing purposes, the vessel was occluded ap- 
proximately 2 cm. proximal to the probe. If 
it was occluded closer, the hemostat tended to 
pull the vessel away from the electrodes in the 
probe. Occluding distal to the probe does not 
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Fic. 2. This graph depicts the internal carotid blood flow, internal carotid artery resistance, and the mean blood 
pressure during various cardiac arrhythmias. RSR = regular sinus rhythm, PVC = premature ventricular contrac- 


tions, PAC = premature atrial contractions, AT FIB = 


atrial fibrillation. The resistance is calculated by dividing 


the mean blood pressure by the internal carotid artery flow for an interval of 1 minute. Note the marked drop in blood 
flow during arrhythmias and usually a slow return to below control values upon conversion to regular sinus rhythm. 
The last two columns show a return to control values followed by an ‘‘overshoot” because of the increase in systemic 
pressure following conversion to regular sinus rhythm from a paroxysm of atrial fibrillation. 


Fic. 3. This graph depicts the gradual decrease in blood 


diac arrhythmias. Note that the arterial resistance increases during the arrhythmias. 


flow of the internal carotid artery during the various car- 
In spite of return to regular 


sinus rhythm in the last two columns, the flow remained at low levels because of the increased resistance, probably a 
reflection of cerebral angiospasm. RSR = regular sinus rhythm, PAC = premature atrial contractions, PVC = pre- 
mature ventricular contractions, PAT = paroxysmal atrial tachycardia, SVT = supraventricular tachycardia, AT 


FIB = atrial fibrillation, VT = ventricular tachycardia. 
present this difficulty; however, the pulsatile 
effect in the blood vessel causes fluctuation of 
the needle on the flowmeter making an accurate 
adjustment to zero difficult. The zero can also 
be checked by simply turning the magnet off 
when the actual occlusive zero has been de- 
termined. Although the needle may not 
arrive at the same zero as the occlusive zero, 
the electrical zero obtained in this way can 
be used for periodic checks on the accuracy of 
the preparation at various times during the 
experiment. We were reluctant to occlude the 
vessel, except at the onset and the completion 
of the experiment, but made repetitive checks on 
the zero throughout the experiment using the 
electrical zero. 
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Once control readings had been established 
and recorded, the exposed atria were stroked 
with a wooden applicator to create premature 
auricular systoles for two or more periods of 30 
seconds. Several control tracings were taken 
over periods of 30 seconds following this. 
Then the left ventricle was stroked in the same 
fashion to produce premature ventricular sys- 
toles followed by control tracings. An attempt 
was made to produce atrial fibrillation for brief 
periods of time by stroking the atria. If this 
technic was unsuccessful, tincture of aconite 
was applied to the left atrial appendage to pro- 
duce atrial tachycardia, flutter or fibrillation. 
Ventricular tachycardia was also produced by 
applying the tincture of aconite to the ventricle. 
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Fic. 4. This graph shows the constant decrease in in- 
ternal carotid artery blood flow during cardiac arrhyth- 
mias. A slight increase in blood flow may be observed 
immediately following conversion from an arrhythmia, 
but this value remains decreased from control values be- 
cause of the increased arterial resistance, a reflection of 
cerebral angiospasm. RSR = regular sinus rhythm, 
PAC =. premature atrial contractions, PVC = pre- 
mature ventricular contractions, SVT = supraventricu- 
lar tachycardia, AT FIB = atrial fibrillation. 


To convert the arrhythmia ethyl chloride was 
sprayed on the aconitine focus. The electro- 
cardiogram, blood pressure, blood-flow trace, 
integrator-computer trace and a_ base-line 
marker were recorded simultaneously (Fig. 1). 

Calibration: ‘The probe used was calibrated’ 
each day on the appropriate blood vessel in situ. 
This was done at the end of the experiment by 
cannulation of the vessel distal to the probe; 
the blood was collected in a graduated cylinder 
over a period of 30 seconds using a stop watch. 
Five such calibrations usually were performed 
at a maximum and a minimum flow and at 
three points in between. Other investiga- 
tors’,9-!2 have shown the linearity of the cali- 
bration results and we have confirmed it. 

We have thus eliminated possible errors or day 
to day changes due to variations in hemato- 
crit, vessel wall thickness, body temperature, 
blood viscosity or inadvertent changes in 
amplitude and gain controls on our recording 
machine by calibrating each probe on the 


respective blood ‘vessel for each experiment. 

The results described will be those of the 
integrator-computer for a period of 60 seconds, 
although the instantaneous blood flow was also 
used to correlate and assess factors which affect 
phasic blood flow. We have determined that 
the accuracy of the electromagnetic flowmeter 
is 5 per cent during average operation. 


RESULTS 


The results indicate that most cardiac arrhyth- 
mias cause a reduction in the cerebral blood 
flow and an increase in the arterial resistance 
(Figs. 1 to 4). It is realized that these experi- 
ments were conducted on the anesthetized 
animal and‘ the blood measurements made on 
a single carotid artery. Therefore, the blood 
flow measurements do not indicate the total 
cerebral blood flow but probably do reflect 
the effect of the arrhythmias on the total 
cerebral circulation. 

Frequent premature auricular systoles cause a 
reduction of the internal carotid blood flow of 
7 per cent while frequent premature ventricular 
systoles cause an average reduction of 12 per 
cent. The largest reduction in the carotid 
blood flow occurred during a run of successive 
premature ventricular systoles which also caused 
a marked reduction in the cardiac output and 
the systemic blood pressure. Immediately fol- 
lowing the premature auricular or ventricular 
systoles, the resistance of the internal carotid 
artery increased in sixty of seventy-eight at- 
tempts and often persisted for as long as 30 
minutes. This indicated that vasoconstriction 
of the cerebral circulation had occurred and 
was probably sufficient to cause ischemia of 
the brain. 

Auricular tachycardia usually caused a re- 
duction in the cerebral blood flow in seventy- 
four of ninety-two attempts when the rate in- 
creased above approximately 200 per minute 
and when the systemic blood pressure and 
cardiac output decreased. The average re- 
duction in the cerebral blood flow during pa- 
roxysms of rapid superventricular tachycardia 
was 14 per cent. As the ventricular rate 
increased up to 180 per minute, the cerebral 
blood flow frequently increased. Above this 
ventricular rate, the cardiac output started to 
decrease as would the cerebral blood flow. 
Immediately after the paroxysm of tachycardia 
was interrupted, the resistance of the internal 
carotid artery remained increased. This phe- 
nomenon persisted for a considerable period of 
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time and probably represented vasospasm of 
the cerebral circulation (Figs. 3 and 4). 

Atrial fibrillation also caused a marked re- 
duction of cerebral blood flow in fifty-five of 
sixty-one paroxysms. The average reduction 
was 23 percent. The greatest reduction in the 
internal carotid flow occurred when the ven- 
tricular rate exceeded 190 per minute. 

The greatest impairment of the internal 
carotid flow occurred during ventricular tachy- 
cardia. However, the ventricular rate did 
not seem to be the principal factor in determining 
the degree of reduction in the cerebral blood 
flow. As in the other arrhythmias, the greatest 
reduction in the blood flow occurred when hy- 
potensive shock was present. The range of 
reduction in the cerebral blood flow in these 
instances was between 40 and 75 per cent. 


COMMENTS 


It is obvious from the above results that 
rapid cardiac arrhythmias are apt to induce 
sufficient reduction in the cerebral blood flow 
to cause cerebral ischemia. If cerebral artery 
narrowing is present, it is entirely possible that 
the collateral circylation to a vital area of. the 
brain will fail because of the reduced head of 
pressure and blood flow. This would explain 
the occurrence of transient strokes which were 
previously shown to occur during cardiac 
arrhythmias.”* We have recently observed a 
patient who became aphasic for 18 hours fol- 
lowing a paroxysm of rapid atrial fibrillation of 
45 minutes’ duration. We have also observed 
patients with an impaired cerebral circulation 
who developed focal or generalized neurologic 
disturbances such as incontinence, tremor of 
an extremity, confusion or delirium following 
very frequent premature ventricular systoles. 
Vasoconstriction probably results from the re- 
duction in the cerebral blood flow and this also 
increases the cerebral ischemia. 

It has long been debated whether cerebral 
angiospasm occurs.'* These experiments on the 
dog would indicate that cerebral angiospasm 
does result during the cardiac arrhythmias and 
its effect lasts for as long as one hour following 
conversion of the arrhythmia. Our previous 
experiments in the animal using photographic 
and direct metering technics indicated that 
cerebral angiospasm could be induced during 
periods of hypotensive crisis. This experi- 
mental study would also indicate that cerebral 
angiospasm might be induced by rapid ar- 
rhythmias or by frequent premature systoles. 
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The studies also suggest that cardiac arrythmias 
in patients with narrowing of the cerebral arteries 
should be treated promptly with anti-arrhythmic 
medication to prevent cerebral ischemia and 
damage which may be permanent. 


SUMMARY 


Cardiac arrhythmias were induced in the dog 
while the internal carotid artery blood flow 
was measured with the electromagnetic flow- 
meter. These studies indicate that premature 
systoles and rapid cardiac arrhythmias may 
cause a marked reduction in the cerebral blood 
flow. Cerebral angiospasm may occur during 
arrhythmias and persist following them. 
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Effect of Hypothermia on Cerebral Damage 
| Resulting. from Cardiac Arrest’ 


\ 


KENNETH B. WOLFE, B.s. 
Cleveland, Ohio 


HE APPLICABILITY and success of cardiac 
5a resuscitation technics depend upon the 
period of time that the brain can endure anoxia 
without suffering irreversible damage. Any 
method that can extend this time beyond the 
present limit of five minutes will improve the 
likelihood of success with regard to preventing 
cerebral damage. Hypothermia has been ef- 
fective in reducing the cerebral edema which 
follows cerebral anoxia and has been recom- 
mended as a means of preventing neurologic 
injury or decreasing its severity. 

In 1943, Fay’ reported that he had recently 
treated patients with severe brain trauma by 
lowering their body temperature to 32°c. 
for the first twenty-four to forty-eight hours to 
prevent shock. His results were not reported. 
Clinical results published by Williams and 
Spencer? in 1959 and experimental results 
published by Zimmerman and Spencer*® in 
1959 attested to the successful use of hypo- 
thermia following cerebral injury. Rosomoff 
et al.,t.in 1960, produced a type of cerebral 
injury in dogs that resulted in 50 per cent 
mortality under normothermic conditions and 
demonstrated that the use of hypothermia, for a 
period of one hour postoperatively, reduced or 
eliminated the mortality. 


MECHANISM OF CEREBRAL DAMAGE FROM ANOXIA 


Cerebral damage from anoxia manifests itself 
in the form of edema, which progresses until 
there is fatal destruction of cells.1:5*? There 
is an increase in intercellular and/or intra- 
cellular fluid. The cortical and ganglionic nerve 
cells are the first to be affected. They not only 
cease normal function but also deteriorate struc- 
turally to a point where they can no. longer 
survive. The capillary walls are susceptible to 


the effects of various injurious agents and condi- 
tions. Endothelium becomes abnormally per- 
meable to fluids; capillaries relax, dilate and 
become atonic. This seriously disturbs the 
fluid balance as well as the circulation of blood. 
Weinberger® pointed out the difference between 
circulatory arrest and lack of oxygen alone; 
nerve cells are deprived not only of oxygen but 
also of dextrose, and the products of metab- 
olism are not removed. Lactic acid content 
increases rapidly at first, reaching twice normal 
concentration in the first four minutes and two 
and a half times normal in ten minutes. Roso- 
moff et al.‘ produced brain lesions that were 
uniformly fatal in 50 per cent of the dogs studied. 
Examination of the tissues showed an intense 
inflammatory reaction. Measurements of cere- 
brospinal fluid pressure in dogs with brain 
lesions showed a sharp rise from 120 to 300 
mm. of water pressure in the first hour. There- 
after it rose to 400 mm. between the third and 
fourth hours and then remained stable during 
the remainder of the twelve hour period. Brain 
volumes after twelve hours almost doubled those 
that were observed after one hour. This 
cannot be satisfactorily explained in relation to 
the cerebrospinal fluid pressures. 


PuysioLocic REsPONSES TO HYPOTHERMIA 


Hypothermia produces a decrease of cerebral 
blood flow, a corresponding reduction of cerebral 
metabolism, “compensated” hypotension, a 
decrease of brain volume, a diminution of 
intracranial pressure, a depression of electrical 
and reflex activity and a safety factor against 
the consequences of prolonged temporary or 
permanent interruption of vascular chan- 
nels.? Hosler™ reported that, at a body 
temperature of 20°c., the dog’s heart could be 


* From the Claude Beck Cardiovascular Research Laboratory, Western Reserve University School of Medicine, 


Cleveland, Ohio. 
Heart Society. 
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allowed to fibrillate for eleven to thirteen 
minutes before being resuscitated and the animal 
could then be revived without neurologicdamage. 

McMurrey”™ studied the maximum safe time 
of afferent cerebral vascular occlusion in mon- 
keys under hypothermia. Clamping the aortic 
arch at the origin of the cerebral vessels caused 
the disappearance of electroencephalographic 
activity within one minute, irrespective of 
temperature. Fifteen minutes of occlusion was 
tolerated at temperatures of 23° to 26°c., 
but two monkeys did not survive the period at 
22°c. Multiple periods of twelve minutes 
were tolerated if adequate time was allowed for 
recovery .between periods. 

Stone“ reported that cerebral oxygen con- 
sumption was sharply reduced at body tempera- 
tures of 26.5°c..in the absence of shivering. 
However, shivering produces an increase in 
cerebral metabolism of over 100 per cent at 
26.5°c. Brain anoxia can be tolerated at 
normal temperatures for three minutes and at 
26.5°c. for nine. minutes. Parkins'® reported 
experiments in. which differential cooling of the 
brain to a temperature of 15°c. with a rectal 
temperature of 32°c. was accomplished with 
comparative ease and safety. All animals 
cooled. to brain temperatures below 12°c. 
have shown evidence of central nervous system 
defects. Brain temperatures of 20°c. and rectal 
temperatures of 32°c. seem to protect the animal 
against thirty minutes of complete circulatory 
occlusion. 

This is only part of the evidence compiled 
by many investigators to prove that hypother- 
mia is of value in preventing cerebral damage. 
Until recently, however, there has been little 
experimental. or clinical evidence to show the 


effect of hypothermia on cerebral damage occur-: 


ring before the application of hypothermia. 


EXPERIMENTAL METHODS FOR PRODUCING 
CEREBRAL DAMAGE 


_ Batelli,!* in 1900, produced ventricular fibrillation 
by electrical shock and revived the dogs with massage 
and electrical shock of 240 volts alternating current. 
The results were not given in the reference of Wein- 
berger. However, our present experiments showed 
a five-minute period of cerebral anoxia to be lethal in 
ten: out of ten animals. 
duced death clinically by asphyxia as we have done 
in’ Our resuscitation course.’* At varying intervals 
after the disappearance of heart sounds the animals 
were resuscitated. He revived some animals after 
thirty minutes, but they remained comatose and died 
within twenty-four hours. If revival was delayed 


Heymans,”” in 1935, pro-_ 


Wolfe 


more than five minutes, the animals showed symptoms 
indicative of cerebral lesions. 

Winkelbauer,’® in 1935, produced death clinically 
by bleeding dogs until their heart sounds, respiration 
and pulse disappeared. After varying periods, 
ranging from five to twenty-three minutes, blood was 
rapidly reinjected, epinephrin was administered and 
artificial respiration applied. Resumption of heart 
beat was considered to be the end of the period of 
circulatory arrest. If this period were longer than 
five or six minutes, the dog suffered irreparable injury. 

Zimmerman and Spencer,’ in 1959, subjected 
twenty-six dogs to ten minutes of circulatory occlusion 
in which the ascending aorta and venae cavae were 
clamped. Severe injury to the central nervous sys- 
tem developed in each dog, as evidenced by coma, 
lack of response to painful stimuli, dilated pupils and 
slow, deep respirations. Twelve dogs were used as 
control subjects and received no treatment other than 
being turned every three hours while unconscious. 
The treated dogs were cooled to 31° to 33°c. and 
maintained in this range for eighteen to thirty-six 
hours. Both groups of dogs were carefully observed 
for signs of neurologic injury. Nine of twelve control 
animals remained comatose and died in eight to 
thirty hours. Three survived, one of whom was 
blind. Survival rate was 25 per cent. Eleven of 
fourteen animals with hypothermia showed a gradual 
recovery from the neurologic injury over a period of 
twenty-four to thirty-six hours, after which time they 
were conscious and could walk. Three of the eleven, 
however, died in the foiiowing thirty-six to seventy- 
two hours from respiratory complications. The over- 
all survival rate was 57 per cent, but the recovery 
rate from neurologic injury was 79 per cent. 

Rosomoff et al.," in 1960, produced brain lesions 
which were uniformly fatal in 50 per cent of the dogs. 
At variable times after injury, hypothermia was be- 
gun and temperature reduced to 25°c. or less. Cool- 
ing required seventy-five to 100 minutes. Tempera- 
ture was maintained at 25°c. for one hour. Re- 
warming was carried out at a temperature 10°c. 
higher than body temperature for eighty to 100 min- 
utes until normal body temperature returned. Sur- 
vival rates were plotted against the delay time for 
induction of hypothermia. All dogs in which induc- 
tion of hypothermia was begun within three hours 
after injury survived (a total of eight). A delay of 
between seven and eight hours resulted in a 50 per 
cent mortality rate, asin normothermic dogs. There 
was evidence of partial protection during the three 
to seven or eight hour periods. The cerebrospinal 
fluid pressure dropped over 50 per cent during the 
hypothermic period of one hour but rose to precooling 
heights with rewarming. It is difficult to explain the 
mechanism of benefit in these experiments. 


EXPERIMENTAL METHOD 


Twenty mongrel dogs weighing twenty-five to thirty- 
five pounds were used in our experiment. Following 
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Tasie I 
Results of Ventricular Fibrillation for Five Minutes in 
Twenty Dogs 
Not Cooled Cooled 
(10 dogs) (10 dogs) 
1. Lived 6 hr. 1. Lived 120 hr.* 
2. Lived 6 hr. 2. Lived 192 hr.* 
3. Lived 1 hr. 3. Survivedt 
4. Lived 3 hr. 4. Survivedt 
5. Lived 43 hr.* 5. Lived 40 hr.* 
6. Lived 65 hr.* 6. Survivedt 
7. Lived 44 hr.* 7. Lived 46 hr.* 
8. Lived 3 hr. 8. Lived 22 hr.* 
9. Lived 30 hr.* 9. Lived 24 hr.* 
10. Lived 6 hr. 10. Lived 31 hr.* 


* Comatose. 
t No brain damage. 
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a preoperative hypodermic injection of 0.8 mg. of 
atropine, the dog was anesthetized with open ether 
technic, intubated with a size 38 tracheal catheter 
with an inflatable cuff and maintained during the 
operation on ether-oxygen anesthesia with the Rand- 
Wolfe Respirator. The left side of the chest was 
shaved and an incision made through the fifth inter- 
space.. The heart was exposed and the pericardium 
opened widely. Ventricular fibrillation was induced 
by shocking the heart-with a small current from the 
electrodes of the Rand Vacuum Cup Defibrillator. 
The corneal reflex disappeared within a few seconds, 
indicating that cerebral anoxia had developed. 
Exactly five minutes after the onset of ventricular 
fibrillation, the heart was squeezed rhythmically by 
hand and the lungs were inflated with 100 per cent 
oxygen provided by the respirator. Manual pump- 
ing produced an effective circulation with a systolic 
pressure of 60 to 80 mm. Hg. When the muscle 
tone improved and the cyanosis in the heart was re- 
placed by pink blood, defibrillation was accomplished 
by shocking the heart with a current of 1.5 to 3 
amperes. Line voltage was 110 volts alternating 
current. Defibrillation was usually difficult and re- 
quired numerous shocks along with repeated periods 
of manual pumping and the use of various pressor 
drugs. 

As soon as a coordinated beat producing satisfac- 
tory blood pressure was obtained, cooling was 
started by pumping an antifreeze solution at a 
temperature of 10°r. through the tubes of a rubber 
blanket placed under the dog at the beginning of the 
procedure. It usually required two hours to lower 
the rectal temperature to 31°c. and it was then main- 
tained at that level for twenty-four hours. A con- 
tinuous recording thermometer was used to record 
the rectal temperature. An intravenous set con- 
nected to a vein in the leg, with a 500 ml. bottle of 5 
per cent dextrose solution, provided a means of 
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administering drugs intravenously as needed for 
analgesia during the hypothermic period. As soon as 
the chest closure was completed, the top blanket was 
placed on the dog, the tracheal tube was disconnected 
from the respirator, the cuff was deflated and the tube 
was left tied in place to maintain an open airway. 
Shivering was controlled by frequent doses of either 
meperidine or morphine and Phenergan® or Thora- 
zine.® At the end of twenty-four hours, gradual re- 
warming was started and continued until the dog’s 
rectal temperature reached 38°c. At this point, the 
tracheal tube was removed and the dog was re- 
turned to his cage. 

The control dog was operated upon in the same 
manner and was kept on the operating table under the 
same analgesic conditions as the hypothermic dog, 
but at room temperature. An intravenous set was 
connected to a vein in the leg and the same drugs were 
administered as needed to control the dog’s move- 
ments. 


RESULTS 


There were ten controlled experiments in- 
volving twenty normal dogs (Table 1). All 
ten control animals (not cooled) died from one 
to sixty-five hours after the onset of cerebral 
anoxia. Three of the ten cooled dogs survived 
without any cerebral damage. Four of the 
ten cooled dogs had their lives prolonged by 
cooling but died, respectively, twenty-two, 
thirty-one, 120 and 192 hours after cerebral 
anoxia. Three of the ten cooled dogs showed 
no protective effect by cooling and died, re- 
spectively, twenty-four, forty and forty-six hours 
after cerebral anoxia. 

This series shows some degree of protection 
against cerebral damage in 70 per cent and 
complete protection in 33.3 per cent of the 
animals. 


COMMENTS AND CONCLUSIONS 


Our experimental results are not as good as 
those reported by Zimmerman and Spencer* 
and by Rosomoff.t However, our method 
of producing cerebral damage by ventritular 
fibrillation corresponds more closely to the 
clinical syndrome which develops in patients 
The fact that all of 
-our uncooled dogs died emphasizes the protec- 

tive effect of hypothermia. 

The early application of hypothermia (31 °c.) 
affords protection against the cerebral damage 
resulting from cardiac arrest. It should be 
applied to all cases of resuscitation in which 
brain damage is suspected or definitely observed. 
This technic extends the applicability of resusci- 
tative procedures. 
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SUMMARY 


Cerebral damage was produced in twenty 
normal dogs by a five-minute period of ven- 
tricular fibrillation followed by resuscitation. 
Ten dogs were maintained at normothermic 
conditions and ten were cooled to 31°c. and 
maintained at this temperature for twenty-four 
hours following resuscitation. All ten uncooled 
dogs died. Three of the ten cooled dogs sur- 
vived without cerebral damage and four of the 
cooled dogs had their lives prolonged by cooling. 
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Historical Milestones 


Thomas Bevill Peacock on Dissecting 
Aneurysm (1843) 


SauL JARCHO, M.D. 
New York, New York 


E DISTINCTIVE anatomic character of 

dissecting aneurysm has made this lesion a 
subject of special interest to teachers and stu- 
dents of morbid anatomy. During the two 
centuries which have elapsed since the work of 
Morgagni, case reports have slowly accumulated 
and the pathogenesis of the disease has been 
gradually elucidated. Despite these advances 
dissecting aneurysm was until recently a mere 
curiosity of the postmortem room. The past 
decade has witnessed a sharp rise of interest, 
since recent advances in vascular surgery raise 
the hope that in at least an occasional case of 
dissecting aneurysm prompt operation may save 
the patient’s life. Peacock’s paper is generally 
regarded as the earliest treatise which places 
the pathogenesis of the disease on a satisfactory 
basis. The full title of the essay is “Cases of 
Dissecting Aneurysm, or that Form of Aneuris- 
mal Affection in which the Sac is Situated 
between the Coats of the Vessel.” It was 
published in the Edinburgh Medical and Surgical 
Journal, volume 60, pages 276 to 302, 1843. 
Acknowledgment is made to Messrs. A. and C. 
Black, Ltd., of London for generous permission 
to reprint excerpts from the text. 


* * * 


EXCERPTS FROM PEACOCK ON DISSECTING 
ANEURYSM 


The term Dissecting Aneurism was first 
employed by Laennec,' and it would appear 
that he regarded the case which he has quoted 
as the first which had been recorded. Mr. 
Allan Burns has, however, related a_ well 


1Traite de |’Auscultation, Tome II, 1826. This 


case was related by M. Ambroise Laennec to the Society. 
of the Faculty of Medicine at Paris. 
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marked example of the affection in his work on 
Diseases of the Heart, published in 1809; 
and two others are described by Mr. Shekelton,? 
in the Dublin Hospital Reports for 1822. Cases 
of the affection in an early stage are also related 
by Morgagni,* and by Dr. Nicholl in his account 
of the examination of the body of George 11.4 
More recently, two cases of the disease have 
been given by Mr. Guthrie in his Lectures on 
the Diseases and Injuries of Arteries, one by 
Dr. Elliotson in his Lumleyan Lectures, two by 
Drs. Pennock and Goddard in the American 
Journal of Medical Sciences,® two by Mr. Smith in 
the Dublin Journal,* and one figured in the fourth 
fasciculus of plates published by the army 
medical department is also described by 
Dr. M’Lauchlan in the Glasgow Medical Journal.’ 
In addition to those, two cases of the disease 
recently fell under my notice in the Royal 
Infirmary; and I have had the opportunity of 
examining a third which occurred in the prac- 
tice of Dr. Paterson of Leith. Two prepara- 
tions of the disease I have found in the Museum 
of the College of Surgeons, and one in the 
Hunterian Collection of the Royal College of 
Surgeons of London; and still more recently, 
an interesting example has been quoted from an 


2 Dublin Hospital Reports, vol. m1, p. 231. 

’De Sedibus et Causis Morborum, Ep. xxvi. § 15, 
17, 21, Ep. xxvii. $28; and Alexander’s Translation, 
vol, 1., pp. 803-806, 861. 

4 Philosophical Transactions, 1761. 

5 Quoted in the London Medical Gazette, vol. xxm, p. 
668. 
6 Dublin Journal of Medical Sciences, vol. 1x, p. 426. 
Contributions to Pathological Anatomy by R. W. 
Smith. Reference is made to a third case, the prepara- 
tion of which is contained in the Museum of the Rich- 


mond Hospital. 


7 Vol.-1, p. 1, 1833. 
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Italian Journal in the Gazette Médicale de Paris.* 
In the following paper, after describing the 
particulars of five of the cases not hitherto re- 
ported, I shall offer as full an analysis of the whole 
of the nineteen cases as the data will allow. 
The Dissecting Aneurism differs very greatly 
from the more common forms of aneurismal 
affection. In the latter, whether resulting from 
dilatation of the arterial tunics, or from rupture 
or ulceration of the internal and middle coats, 
the sac forms a distinct and more or less round 
tumour projecting from the side of the vessel, 
with the canal of which it communicates by a 
comparatively small aperture, and the disease, 
though fatal, is slow in its progress, and gives 
rise from the pressure of the tumour on the 
adjacent vital organs, to very characteristic 
symptoms. In the dissecting aneurism, on the 
contrary, the sac occupies the walls of the vessel, 
and following its course, resembles only a di- 
lated artery; the aperture by which the two 
canals communicate is usually a long and narrow 
fissure; the disease is suddenly developed, and 
usually rapid in its progress to a fatal termina- 
tion; nor are the symptoms which attend its 
formation and progress such as can be regarded 
as characteristic of the affection. The disease 
usually originates in laceration of the internal 
and a part or the whole of the middle tunic of 
the artery, more rarely in the perforation of 
the coats from other causes, and as they have 
not acquired that intimate adhesion together 
which obtains in cases of circumscribed aneurism, 
or are rendered more readily separable by 
active disease, the blood insinuates itself into the 
cellular space between the external and middle 
coats, or more probably between the layers of 
the latter, and effects their separation. An 


aneurismal sac is thus produced, following the ~ 


course of the artery to a greater or less extent 
both above and below the internal fissure, 
bounded externally by the external coat, with 
probably in most, if not all cases, a portion of 
the middle, and separated from the original 
canal by a septum composed of the internal 
membrane of the artery, and a part or the whole 
of its middle tunic. 

When a case of the disease is examined at a 
remote period, the ragged aperture by which the 
sac communicates with the vessel, and the 
roughness and irregularity throughout its course, 
at once point out its nature. In a later stage 


8 Tome x, p. 524, August 1842. Case of M. Tessier, 
extracted from the Giornale delle Scienze Mediche. 


however, the edges of the fissure become clean 
and equal, the sac acquires a lining membrane 
of a yellowish colour and possessing the smooth- 
ness of the serous lining of a healthy artery; 
the branches passing to the adjacent parts are 
observed, some to take their origin from the 
new canal, others from the original vessel; 
and the whole resembles rather an uncommon 
conformation of the artery than the effects of 
disease—a resemblance which becomes the 
more striking, when, as occasionally happens, 
the sac after proceeding a greater or less dis- 
tance, reopens into the canal from which it 
originated. Mr. Shekelton, in speaking of the 
cases which fell under his notice, says on exami- 
nation “‘of the first case, I was at a loss to explain 
it, so little did the tumour resemble an aneuris- 
mal sac, and so similar was its situation to that 
of the artery, that I was rather inclined to regard 
it as an uncommon lusus. In the second, how- 
ever, the doubt was cleared up, for the aneuris- 
mal sac had not undergone that revolution 
in its structure which might have given rise to 
such a mistake; and lastly, a similar aneurism 


. having commenced in another part of the ar- 


tery, afforded some explanation of the progress 
of the disease.’’® 

The accumulation of instances'of the disease 
in its several stages from the earliest, in which 
it only appears as a rupture of the internal coats 
with an ecchymosis beneath the external, to 
the state in which it forms an entirely new canal, 
has now removed all difficulty in recognizing 
the affection. I shall proceed to describe the 
cases which I have found hitherto unpub- 
lished, offering such additional! illustration from 
those already recorded as the description of the 
disease may seem to require. 

The first case is one for which I am indebted 
to Dr. Paterson of Leith, and the preparation of 
which is in my possession. ; 


Case 1. Dissecting aneurism originating in a trans- 
verse laceration of the internal and middle coats of the 
aorta, one inch above the semilunar valves. Death from 
rupture of the sac into the pericardium: The patient, a 
female fifty-six years of age, was of somewhat intem- 
perate habits, and had suffered for some time from 
asthma. She retired to bed in her usual health, and 
was found dead the following morning. 

On examination, the pericardium was greatly 
distended with blood, and a laceration by which it 
had escaped was found on the anterior surface of the 
aorta. On opening that vessel from behind, the 
internal and middle coats displayed a transverse 


® Dublin Hospital Reports, vol. 11. 
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Dissecting Aneurysm 


fissure, crossing the upper part of the external longi- 
tudinal opening; and between the two, the coats 
were separated to a considerable extent, both above 
and below. The following notes are taken from 
examination of the preparation: The external fissure 
is eight lines in length, and is situated somewhat to 
the right side of the vessel, and follows a longitudinal 
direction, its lower extremity being half an inch 
above the origin of the aorta. Its edges are clean 
and regular, presenting the appearance of an in- 
cision. The internal rupture is, on the contrary, 
transverse, and is situated one inch above the aortic 
semilunar valves, and is two inches in length— 
scarcely one-third of the circumference of the vessel 
being still entire. Its edges are ragged and uneven, 
the internal coats not having throughout given way 
at the same point. The separation between the 
coats extends upwards for about one inch, forming 
however, only a narrow channel in the front of the 
vessel; downwards it reaches an inch and a half, 
and extends over a much wider portion, passing 
behind the semilunar valves and in the space at the 
base of the heart where the septum ventriculorum is 
formed by the fibrous tissue and lining membranes of 
the ventricles, so that the sac is here separated only 
by these membranes from their respective cavities. 
When recent, the lower portion of the sac contained 
several tolerably firm coagula. The ascending aorta 
is dilated to fully twice its natural size, and its walls 
are of very unequal thickness, and display several 
smaller and somewhat sacculated expansions—in 
some of these the coats being so thin as to be semi- 
transparent and to consist of little else than the external 
and internal tunics. Atheromatous deposit is co- 
piously infiltrated beneath the lining membrane 
throughout the course of the thoracic aorta, and 
near its origin has in several places undergone the 
ossific degeneration, while in others the lining mem- 
brane is abraded or so soft as to be readily removed. 
The vessels arising from the arch are larger than usual, 
more especially the arteria innominata. Where the 
thinning of the coats does not exist, they are on the 
contrary, thicker than usual, and covered externally 
by false membrane, producing adhesions between the 
reflected and attached pericardium. The aortic 
valves are sound; the mitral opaque and a little 
thickened. The cavity of the left ventricle is large, 
and its walls somewhat thinned; at the apex there 
exists a very distinct dilatation, so as to form a 
small cavity, which is separated from the fat there 
deposited by an extremely thin layer of muscular 
fibre. The right cavities of the heart are both very 
greatly dilated. On minute examination of the 
parts forming the aneurismal sac, it was found to be 
situated, not between the external and middle coats, 
but between the laminae of the latter, the largest 
portion of the fibrous tunic being, however, still 
attached to the lining membrane, and so forming the 
posterior wall of the sac, while a thin lamella was 
separated along with the cellular tunic and assisted 
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in forming its external covering.“ The preparation 
in this case most closely resembles that figured in the 
army plates. 

‘The next case is very similar to that which has 
just been related. The preparation is contained 
in the Hunterian collection of the Royal College 
of Surgeons of London. Of this I regret the 
only information I was able to procure was con- 
tained in the reference to the preparation in the 
catalogue as a case of ““Rupture of the Aorta.’”"! 


Case 2. Dissecting aneurism of the ascending aorta, 
originating in a transverse fissure of the internal coats, and 
terminating by haemorrhage into the pericardium. 

The canal of the aorta in this preparation is 
considerably dilated, the dilatation commencing 
somewhat abruptly about an inch above the aortic 
valves, and terminating at the point at which the 
left subclavian artery is given off; the dilatation is 
greatest in the ascending portion of the arch, and 
involves also the origins of the large arteries passing 
to the upper extremities and head—the brachio- 
cephalic trunk and the left carotid being especially 
affected. The coats of the artery over this space are 
thickened, and the internal is slightly marked with 
atheromatous patches throughout the course of the 
vessel. The rupture in the internal and middle coats 
is situated about two inches above the aortic valves at 
the concavity of the arch, and is about one inch in 
length; its direction is at first from above obliquely 
downwards and then transversely. The separation 
between the coats occupies a space of about two 
inches in diameter on the right side of the vessel, and 
bounded laterally by the attachment of the pul- 
monary artery. The fissure in the external coat of 
the artery by which the blood must have escaped 
into the pericardium, is in length one inch, its lower 
extremity being about half an inch from the origin 
of the aorta; its direction is longitudinal, the trans- 
verse division of the internal coats crossing its upper 
extremity. The edges of the internal fissure are 
smooth and regular, those of the external ragged and 
torn. The heart is not retained with the preparation, 
but the aortic valves, with the exception of displaying 
small vegetations at their free margins, are healthy. 
the dilatation of the aorta where at its greatest, is 
about twice the ordinary diameter of the vessel. It 
is not throughout equal, several small and slightly 
sacculated portions existing in the transverse arch. 


These cases afford the earliest examples of 
the disease which I have had the opportunity 
of examining, and they are of a similar descrip- 


10 Several writers have fallen into the error of describ- 
ing the origin of the aorta as not passing the cellular 
coat. This tunic, though thin, is firm and resistant on 
the portion of the aorta covered by the pericardium, but 
becomes much more distinct towards the arch. 

1 This case is described by Mr. Guthrie in his Lectures, 
etc. 
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tion to several of those which have been recorded 
and which are referred to (3,-4, 5 and 6) in the 
appendix. It is to be regretted that no history 
could be obtained of the last case, though the 
small size of the aneurismal sac and the ap- 
pearances of the ruptures render it probable 
that, as in the first case, death must have fol- 
lowed almost instantaneously upon the internal 
rupture, from the escape of the blood into the 
pericardium. 

An earlier stage of the disease has in several 
instances been found on dissection. Morgagni! 
has related the case of a nobleman, fifty-nine 
years of age, who died suddenly, and in whom 
the aorta “was first ruptured at the distance of 
about a finger’s breadth from the heart. Yet 
this rupture was not large; but near to it and 
around all the basis of the aorta, a kind of black- 
ness, as if from an old bruise appeared, which 
was owing to black blood stagnating under the 
external coat; and this blackness extended it- 
self throughout the lungs in general, but partic- 
ularly about the branches of the pulmonary 
artery.” The pericardium was distended with 
blood. 

Dr. Nicholl in his account of the examination 
of the body of George 1, published in the 
Philosophical Transactions for 1762, after describing 
the rupture of the right ventricle, which had 
occasioned death, says, “In the trunk of the 
aorta we found a transverse fissure in its inner 
side, about one inch and a half long, through 
which some blood had recently passed under its 
external coat and formed an elevated ecchymo- 
sis.’ A similar appearance is described by 
Mr. Hodgson, as occurring in the case of a 
lady who died suddenly from rupture of the 
apex of the left ventricle. ‘‘The aorta of a 
lady illustrated this stage of the formation of an. 
aneurism. ‘The internal coat. was throughout 
converted into cartilage, and covered with 
calcareous deposition. At the arch of the aorta 
there was a transverse slit about an inch in 
length, which had penetrated also the middle 
coat; the blood had insinuated itself between 
the external and middle coats, the former of 
which was raised into a tumour about two inches 
in circumference, and. presented the appearance 
of a circumscribed ecchymosis.”” Mr. Hodgson 
quotes this appearance as probably. the earliest 
stage in the formation of a circumscribed 
aneurism as described by Scarpa, while how- 


12 De Sedibus et Causis Morborum, xxvu. §29. 
18 Diseases of the Arteries and Veins, p. 63. 


ever, it is possible that the process of dissection 
here begun might have been arrested by the 
effusion of lymph around the edges of the fissure, 
it is fully as probable that, had the patient 
survived, it would have gone on to the formation 
of a dissecting aneurism.... 

The cases which have now been related 
were all of recent origin; others are, however, 
recorded, in which the disease had been of 
long standing, and in which the aneurismal 


‘sac formed a canal external to that of the artery, 


lined by a distinct membrane, and communicat- 
ing with the original canal by smooth and 
regular openings. Such is the case detailed by 
Laennec in which the sae was situated in the 
abdominal aorta; or still more remarkably 
the case related by Dr. Pennock in the American 
Journal of Medical Sciences. In this case, marked 
No. 18, the fissure occurred half an inch above 
the semilunar valves, and the sac, which was 
situated in the laminae of the middle coat, 
extended thence to the bifurcation of the aorta. 
More recently a case had occurred in the prac- 
tice. of the Royal Infirmary, of which an ab- 
stract is marked 19 in the appendix; in this the 
sac commenced by a longitudinal fissure behind 
the origin of the left subclavian artery, and 
extended to the bifurcation of the aorta, form- 
ing a second communication, probably of some 
standing, with the left common iliac artery. 
In this instance, also, I satisfied myself that the 
internal rupture did not penetrate the whole 
thickness of the middle coat, and that the sac 
was found within its laminae... 


Mode of Formation 


Few pathologists will probably be found at 
the present time to adopt the exclusive views 
of Scarpa, that aneurismal tumours always 
arise from rupture of the internal and middle 
coats, or, as he terms them, the “proper coats” 
of the artery, and it is probable that, had he 
frequently examined specimens of the disease 
in an early stage, instead of tumours of large 
size, his opinions would have beén much modi- 
fied, since it is granted that, however the disease 


originates, the continuity of the internal and 
middle coats of the artery throughout the walls 


of the sac can only be traced in small aneurismal 
tumours; and sufficient evidence has been 
adduced by different. observers to show that, 
while the disease is occasionally traceable, 
both to rupture and’ dilatation of the coats. 
the latter is at least in the upper portion of 
the aorta the most frequent mode of origin. 
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The examination of several recent specimens of 
aneurismal disease in different stages of prog- 
ress, and of numerous diseased arteries has 
led me to suspect that the two forms of aneurism 
are traceable to diseased changes in the coats, 
which,. though often found more or less co- 
existent, are of very different descriptions and 
which produced results varying greatly accord- 
ing to the preponderating change. In the one, 
that form to which the terms atheroma or 
steatoma have been applied, and the nature of 
which has recently been illustrated by Mr. 
Gulliver, a yellowish granular matter is depos- 
ited in the lining membrane of the artery, or 
in the cellular tissue beneath it, and occasionally 
invades the middle coat. This undergoes a 
gradual process of softening; the lining mem- 
brane gives way; the middle coat is also per- 
forated or atrophied, and the tunics around the 
diseased portion become firmly adherent, and 
thus, while the current of the blood is sustained 
by the outer coat, which, however, must be 
conceived to have been strengthened by the 
exudation of lymph, the separation of the 
coats, and the diffusion of the blood between 
them is prevented, and a circumscribed aneu- 
rism.is produced, according to the views of 
Scarpa. The other change, or that which I 
conceive leads to the formation of the aneurisms 
by dilatation, has not attracted so much atten- 
tion. In this instance the disease, though not 
confined to that tunic, involves chiefly the 
middle coat. This membrane loses its yellow 
colour, becomes semitransparent, and of a 
harder consistence than usual, acquiring the 
appearance of the hyaline or cartilaginous 
tissue. Its fibrous texture also is less distinct, 
and in this respect the contrast between the 
healthy and diseased coats is rendered more 
apparent on microscopic examination. The 
middle tunic also becomes, as described by 
Dr. Davy," much thinner than usual, and in 
places where the dilatation is great, can often 
not be traced. While these changes are in 
progress, the several coats become more inti- 
mately adherent together, and on dissecting 
an artery in this state, the tunics, which in the 
healthy portions are readily separable from 
each other, can rarely be traced in the diseased 
parts, the middle coat usually splitting and re- 
maining attached partly to the external, 
partly to the internal coat. With this affection 


14 Researches, Physiological and Anatomical, vol. 1, 
p. 372. 
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of the fibrous coat, there is usually combined 
some degree of atheromatous disease and 
thickening of the inner membrane. In each 
form of disease, however, the changes are either 
preceded or attended by the morbid adhesion 
described, and I have uniformly found it present 
in such recent specimens as I have examined, 
and this too in some in which the dilatation of 
the coats was very slight; and it seems to form 
an important step in the development of the 
sacculated aneurismal tumours. It appears, 
however, to have been overlooked by Scarpa, 
who, though he regarded the rupture of the 
internal tunics as resulting from “a _ slow 
change,” and described them as becoming 
intimately adherent, yet appears to have 
considered that this change did not extend to 
the external coat... 

It is, indeed, to the sudden occurrence of a 
rupture of the internal, and a part or the whole 
of the middle coats of an artery; the tunics of 
which have not previously become adherent, 
that the origin of the dissecting aneurism has 
usually been ascribed, and it is a view which 
readily explains all the features of the disease; 
while the infrequency of the dissecting as 
compared with the circumscribed forms of 
aneurism may be referred to the rare occurrence 
of disease of the coats, sufficient to produce their 
rupture or ulceration unattended by adhesion. 
of the tunics together. To this view of the 
mode of origin of the dissecting aneurisms, it 
has, however, been objected by the editor of 
the Gazette Médicale'* in his account of the case 
of M. Tessier, that the adhesion of the coats of 
the artery which is supposed to precede the 
formation of sacculated aneurisms by rupture, 
so far from being a constant is a rare occurrence; 
and more recently by Dr. Henderson,'® that 
the supposition of such adhesion is not necessary 
to explain the formation of sacculated aneurism 
from rupture of the coats, since no such result 
as the diffusion of fluids in the course of the 
vessel attends their injection after death into 
arteries of which the internal coats have been 
ruptured. To obviate the former objection, 
I may refer to the remarks of Mr. Burns and 
to my own dissections. The latter, though 
opposed to the observations of the last author, 
is supported by the experiments of Nicholl 
and Scarpa. In a discussion, therefore, as to 
facts, I prefer to appeal to the following experi- 


16 Tome x, p. 524. 
16 Edinburgh and London Monthly Journal, July 1843. 
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ment. The aorta of a female, fifty-nine years 
of age, dying of acute head affection, was cut 
across at its point of passage from the chest, 
and into the thoracic extremity a large pipe 
was inserted; the arteries passing from the 
arch having been secured, the vessel was then 
distended with water thrown in by a power- 
ful injection syringe. The substance of the 
heart soon became greatly distended through 
the coronary arteries. A ligature was then 
placed on the origin of the aorta, and fluid 
injected so as to greatly distend the vessel, but 
several of the small mediastinal vessels becom- 
ing ruptured, the water, after repeated trials, 
was found to escape with considerable rapidity 
and no rupture of the coats resulted. The fin- 
ger was then introduced into the lower opening 
of the vessel, and a laceration of the internal 
coats being made with the nail, fluid was again 
injected, when the external coat became at 
once distended, not, however, in the form of a 
distinct tumour, but throughout the whole 
course of the vessel from the pipe to the ligature 
at its origin. The parts being removed from 
the body and dissected, the fissure was found 
to occupy one-third of the circumference of 
the vessel, and to be situated at its front, and 
about the middle of the descending portion. 
It penetrated through a part of the middle coat, 
and from this point a separation of the layers 
of the tunic was produced, extending above to 
the ligature on the origin of the artery, and 
downwards to that on the pipe. It was situated 
in the middle coat, and involved at the lower 
part, two-thirds of the circumference of the 
vessel being there bounded by the origins of the 
intercostal arteries. At the ascending and 
transverse portions of the aorta, the coats were 


separated only at the front of the vessel. In the: 


innominata and the left carotid arteries, the 
separation ceased at their origin, but advanced 
about three-quarters of an inch along the left 
subclavian, surrounded its whole circle, and 
then, as in the other two vessels, reopened into 
its canal. The layer of the middle coat sepa- 
rated in connection with the external coat at the 
posterior extremity of the artery was extremely 
thin, but increased in thickness towards the 
origin of the vessel, till in the ascending portion 
it was fully half a line in width. Both the in- 
ternal coats were, throughout the course of the 
vessel, free from any appearance of disease. 
From this experiment, which has been fre- 
quently repeated and variously modified with a 
similar result, we are, I conceive, warranted in 


concluding with Dr. Davy’’ that the coats of the 
aorta are, in a healthy state, capable of extreme 
distension before giving way, and, consequently, 
that the rupture of the internal coats of the 
vessel, which constitutes the first step in the 
formation of a dissecting aneurism, must be 
ascribed to their being rendered lacerable by 
disease; and secondly, that, after the occur- 
rence of a fissure penetrating the substance of 
the middle coat, that membrane will readily 
admit the blood to effect a separation of its 
laminae. In this respect the experiment cor- 
responds with that related by Dr. Pennock. 
From experiments'* of a similar kind instituted 
on the aorta after entire rupture of its internal 
coats, it appears that, though the cellular mem- 
brane between the external and middle tunics 
still more readily allows separation along the 
course of the vessel, yet that, even where most 
distinct, the external coat does not alone possess 
sufficient density to resist the pressure of the 
extravasated fluid, and hence it is most probable 
that the sac of the dissecting aneurism will be 
found to occupy the laminae of the middle coat, 
a layer of that membrane being in all cases 
united to the separated external coat,—an 
inference which is supported by the facts, that, 
in each of the three recent gases which I 
have myself examined, and in those of Drs. 
Pennock and Goddard, such was found to be 
the case. The results of experiments, in which 
the ruptures in the internal coats were of small 
extent, render it likely that the kind of aneurism 
developed will also be affected by the form and 
extent of the laceration. If this involves a 
considerable portion of the circumference of 
the vessel, and offers much resistance to the flow 
of the blood along its channel, that fluid will 
be much more likely to penetrate between 
the coats and effect their separation.... 


Diagnosis 

From what has been before stated as to the 
result of these cases, the symptoms which they 
induce during life may be inferred. 

1. In the class of cases in which the external 
rupture follows rapidly that of the internal 
coats, the patient is seized with sudden pain and 
sense of constriction in the region of the heart, 
difficulty of breathing, vomiting, failure of the 
action of the heart, coldness of the extremities, 
and death. 


17 Researches, Physiological and Anatomical, vol. 1, 
p- 446. 

18For a fuller account of these experiments see the 
Edinburgh and London Monthly Journal for October 1843. 
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2. When the external coat possesses suffi- 
cient strength to resist the impetus of the blood, 
symptoms similar to those referred to, viz., 
intense pain in the region of the heart and along 
the course of the large vessels, followed by 
rapid prostration of strength and syncope, 
mark the period at which the internal rupture 
takes place, and, after continuing for a longer 
or shorter period, may wholly or partially 
subside when their sudden recurrence indicates 
the giving way of the external coat, and the 
patient is rapidly carried off. 

The case marked 5 in the appendix forms a 
good example of the symptoms in this class of 
cases. 


“R. D., 79th regiment, a tailor, aged forty-seven, of 
dissipated habits, suddenly became faint when on 
his way from the chapel to the barracks, and with 
much difficulty reached his own room. When seen 
he was suffering severely from pain along the upper 
part of the chest, particularly under the left clavicle. 
He compared the pain to what he supposed would be 
produced if a red hot iron was thrust into his heart. 
His countenance was pale and anxious; his respira- 
tion greatly oppressed, interrupted and difficult; 
no pulsation could be perceived in the cardiac region. 
An anodyne and antispasmodic draught afforded 
him immediate relief; after a second draught, he 
passed a quiet night, and the following day he felt so 
well as to be able to resume his employment. Two 
days after, he again became ill, and when seen was 
found labouring under most distressing symptoms, 
resembling, on first appearance, a fit of apoplexy. 
He was in a state of insensibility; his breathing was 
laborious and hurried, and his face of a deep blue 
colour; and his eyes fixed and pupils dilated to 
their utmost. The tongue was bluish and projecting 
between the teeth; the pulse was quite imperceptible, 
and the impulse of the heart could not be felt. On 
dissection, the pericardium was found distended with 
blood, but no distinct rupture could be detected. The 
aorta was nearly of its natural circumference, and its 
coats of usual thickness; a rupture of the middle and 
internal coats ran transversely across nearly half 
its circumference, a short distance above the semi- 
lunar valves, and the external coat was separated 
from the middle for some distance by a stratum of 
coagulated blood.”’!9 

In the case several times referred to as con- 
tained in the Medical and Physical Journal, 
three different stages were well marked. A 
gentleman, fifty-two years of age, who had 
suffered much from anxiety of mind, and had 
laboured under rheumatism, while talking 


19 4th Fasciculus of Plates published by the Army 


Medical Department, 1842, and Dr. Maclauchlan in 
vol. 1 of Glasgow Medical Journal. 
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earnestly with a friend, was seized suddenly 
on the 16th of February with pain commencing 
at the chin, passing rapidly down his neck 
in the course of the great vessels to the chest 
and back, and was obliged almost immediately 
to goto bed. The pain continued the following 
day, with some tendency to syncope, and on the 
18th, he became alarmingly faint while on the 
close-stool, but again rallied till about four the 
following morning, when the faintness recurred 
and proved rapidly fatal. These different 
attacks of faintness seem to have marked the 
several periods at which the ruptures of the 
arterial coats, and of the boundaries of the 
extravasated blood took place. The internal 
coats of the aorta were lacerated at the trans- 
verse arch, and the external coat separated 
as far as the pericardium, that cavity being 
distended by blood which had escaped through 
a small laceration. The external coat had also 
given way over the situation of the internal 
rupture, and had allowed the blood to flow into 
the mediastinum, and thence into the pleural 
sacs. 

3. The symptoms of the third class of cases 
resolve themselves into those of the deranged 
circulation, and the cardiac disease super- 
induced, and thus resemble those attendant on 
the more frequent forms of aneurism, with, 
however, the exception that as the dissecting 
aneurism does not produce a distinct tumour, 
and scarcely occupies a larger space than a 
moderately dilated artery, no symptoms will 
be produced from pressure in the adjacent 
organs, the signs being thus absent which are 
most characteristic of the circumscribed forms of 
the affection. It may, however, happen that 
the two varieties of the disease are more or 
less combined, a sacculated expansion being 
presented in some portions of the newly 
formed sac. Such was partially the case in 19, 
and the dilated portion pressing on the left 
ureter had caused great dilatation of the pelvis, 
and calyces of the corresponding kidney. 

It would be useless to dwell upon the symp- 
toms in these cases, as they are simply those of 
the ordinary forms of cardiac asthma. 

From what has been before stated, it will be 
apparent that, in the present state of our 
knowledge, the detection of the dissecting 
aneurism during life must be extremely un- 
certain. When the disease is of sufficiently 
long standing, physical signs might probably be 
detected consisting of a combination of those of 
dilatation of the aorta, with a murmur caused 


| | 

pit 

4 

By ‘ 

lh 
fe 

i 

7 

, 


820 Jarcho 


by the flow of the blood through the opening in 
the internal coats; and these with the absence 
of the signs, produced by the pressure of cir- 
cumscribed aneurismal tumours on the adjacent 
organs, might form some clue to the nature of 
the disease. In case 19, though the patient was 
carefully observed, no morbid murmur was 
detected over the seat of the opening into the 
sac, and the nature of the affection was un- 
suspected during life. In the case of Dr. 
Pennock, No. 18, the internal opening was 
situated near the aortic valves, and there was 
perceived during life, ‘‘a strongly marked rasp- 
ing murmur opposite the cartilage of the third 
rib, and along the upper third of the sternum; 
and the second sound was dull and somewhat 
prolonged,” but as “‘the semilunar valves were 
partially ossified, and the mitral valves thick 
and with cartilaginous depositions in its free 
margins,” it is doubtful how far these signs were 
produced by the aneurism. 

These constitute all the remarks I have to 
offer. In the present state of our knowledge, 
any analysis of this subject must necessarily be 
imperfect. The anatomical details of most of 
the cases recorded are very defective, and but 
few of them have been under observation during 
life, or, if observed, have been examined with 
sufficient care. 

It is indeed probable, that, as two cases have 
fallen under my own observation in less than 
twelve months, the affection may be of more 
frequent occurrence than the small number of 
published cases would lead us to suppose, and 
that no long time will elapse before the ma- 
terials are sufficiently extensive to afford a 
full history of this interesting form of a very 
important class of diseases... . 


* * * 


AUTHOR’s COMMENTS 


Although Peacock refers to almost all the 
cases of dissecting aneurysm which were then 
in the literature, he devotes comparatively 
little attention to historical synthesis. Hence 


the reader who desires a more exact and com- 
plete account of the way in which knowledge 
of the disease was developed would do well to 
consult the introductory sections of Professor 
Shennan’s admirable monograph.” In_ his 
brief retrospective comment Peacock makes 
sufficiently clear the early confusion between 
dissecting aneurysm and saccular aneurysm. 

With commendable assiduity Peacock col- 
lected not only the published reports of dissect- 
ing aneurysm but also the actual specimens from 
unpublished cases. His text, of which excerpts 
have been given, contains the reports of five 
cases; to these he added an appendix contain- 
ing fourteen additional cases reported in the 
literature. He thus commanded, directly or 
indirectly, a total of nineteen cases. In study- 
ing this body of facts he attempted to differen- 
tiate early cases from late and thereby to es- 
tablish a concept of pathogenesis. It is this 
sense of process which gives vitality and value 
to his investigation. 

Peacock was able to recognize that in dis- 
secting aneurysm the primary lesion is in the 
media, which becomes split in such a manner 
that one part adheres to the adventitia while 
another part remains attached to the intima. 
He subjected his concept of pathogenesis to 
the test of experiment and succeeded in pro- 
ducing a sort of artificial dissecting aneurysm 
in the cadaver. 

In his interesting discussion of symptoms 
Peacock gives a good description of the rapid 
fulminating cases and distinguishes them from 
those in which the final rupture is delayed. 
He cites one unusual case in which the aneurys- 
mal sac had pressed upon the ureter and thereby 
had caused hydronephrosis. 

Any physician who has attempted to cope 
with the disease which forms the subject of 
Peacock’s memoir will endorse his comment 
that “in the present state of our knowledge, the 
detection of the dissecting aneurysm during 
life must be extremely uncertain.” 


20SHENNAN, T. Dissecting Aneurysms. London, 


1934. H. M. Stationery Office. 
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Case Reports 


Congenital Tricuspid Stenosis 


The Diagnostic Value of Cineangiocardiography and Hepatic 
Pulse Tracing* 


Homosono B. Ca.tieja, M.D., Don M. Hosier, M.D. and Ray W. KIssANE, M.D., F.A.C.C. 
Columbus, Ohio 


VALVULAR DISEASE is commonly 
associated with mitral and aortic lesions 
as part of a multivalvular involvement second- 
ary to rheumatic valvulitis. While functional 
incompetence of the tricuspid valve probably 
exists in most cases of congestive heart failure, 
both. anatomic incompetence and stenosis as a 
result of a congenital anomaly are rare. 

Congenital malformations of the tricuspid 
valve have been known for years. Abbott’s 
treatise on 1,000 autopsied subjects with con- 
genital heart disease includes sixteen with 
tricuspid atresia.!_ A recent review of Ebstein’s 
anomaly’ cites a total of 108 cases obtained 
from the literature. Occasionally, the septal 
leaflet of the tricuspid valve is involved in an 
ostium primum defect. Barritt and Urich*® 
collected six cases of congenital tricuspid in- 
competence from the literature as well as adding 
one case of their own. We have been able to 
find seventeen reported cases of congenital 
tricuspid stenosis. None was diagnosed prior 
to autopsy. 

The following case of congenital tricuspid 
stenosis demonstrates the diagnostic value of 
cineangiocardiography and hepatic pulse trac- 
ing. The literature is reviewed and the clinical 
features of congenital tricuspid stenosis are 
outlined in this report. Because this lesion 
can now be diagnosed during life and surgical 
repair appears to be feasible, its separation 
from tricuspid atresia, as suggested by Chiche* 
in 1952, would seem to be not only desirable, 
but also practical. 


Case History 


J. T., a three month old male infant, was admitted 
to Children’s Hospital, on September 12, 1959, 
because of intermittent cyanosis, irritability and a 
heart murmur. Gestation had been normal and 
the delivery uncomplicated. The neonatal period 
was normal. 

For two months the baby did well. But about two 
weeks prior to admission, he began taking feedings 
poorly. Two days prior to admission, the family 
doctor was called in to see the baby because he was 
vomiting and irritable and had one bloody stool. 
The examination revealed that the baby had a heart 
murmur and cyanosis, neither of which had been 
detected previously. 

Clinical Findings: At the time of admission to the 
hospital, J. T.’s temperature was 99°F.; pulse, 
158 per minute; respirations, 44 per minute. 
The systolic blood pressure was 84 mm. Hg in the 
right arm and 86 in the right leg by the flush technic. 
Crying led to circumoral cyanosis. No distention 
of the neck veins was seen. No chest deformities 
were present. The lungs were clear to percussion 
and auscultation. The heart was not enlarged by 
percussion and a normal sinus rhythm was present. 
A grade 2 soft systolic murmur was heard along the 
left sternal border and at the apex. No thrill was 
detected and P2 was normal. The liver, palpable 
4 cm. below the right costal margin, was found to 
pulsate. The tip of the spleen was also palpable. 
Neither cyanosis of the nail beds nor clubbing of the 
fingers was present. 

Other than for a hemoglobin concentration of 
15.4 gm./100 ml., admission hemogram and urinaly- 
sis revealed no abnormalities. The electrocardio- 
gram showed left axis deviation and peaked P waves 
(Fig. 1). The precordial leads suggested left ven- 


* From the Department of Cardiology, Children’s Hospital and White Cross Hospital, Columbus, Ohio. 
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Fic. 1. The electrocardiogram was taken at 50 mm. per 
second. 


tricular preponderance for the patient’s age. Teleo- 
roentgenograms of the chest showed increased vas- 
cularity of the lung fields and a suggestion of a 
“square-shaped” heart (Fig. 2). The transverse 
diameter of the heart was within normal limits. 

Cineangiocardiography: ‘The presence of cyanosis, 
left axis deviation in the electrocardiogram and a 
*“‘square-shaped”’ heart in the x-ray were consistent 
with our clinical impression of tricuspid atresia. 
Cineangiocardiography was carried out on Sep- 
tember 15, 1959. Under morphine and Seconal 
sedation, a No. 18 polyethylene catheter was inserted 
into the right superficial saphenous vein. With the 
aid of a five inch image amplifier, the tip of the 
catheter was positioned at the level of the opening 
of the inferior vena cava into the right atrium. After 
a test dose of 70 per cent Urokon® had been ad- 
ministered, 6 cc. of 70 per cent Urokon were injected 
rapidly with the patient in a supine position. The 
pictures were taken with a 16 mm. camera with an 
f 1.0 lens run at a rate of thirty frames a second. 
Each frame exposure was 16.6 milliseconds. 


On the frontal projection, the right and left 


atria were seen to be enlarged. Most of the dye 
passed from the right atrium to the left atrium through 
a septal defect. At the same time, a small amount 
of dye could be seen passing through a narrow tri- 
cuspid orifice into a relatively small right ventricle. 
The right ventricle was opacified earlier than the 
left ventricle (Fig. 3). Since the patency of the 
tricuspid orifice was demonstrated conclusively by 
this study, the diagnosis of congenital tricuspid 
stenosis was made. 

Hepatic Pulse Tracing: Timing of the hepatic 
pulsation solely by palpation was difficult because 
of the rapid pulse. Therefore, an hepatic pulse 
tracing was recorded, which clearly revealed a huge 
atrial wave occurring before the onset of the first 
sound (Fig. 4). No systolic wave “en plateau” 
was present, indicating that, in spite of the tricuspid 


Fic. 2. The posteroanterior chest roentgenogram. 


stenosis, no significant tricuspid incompetence existed. 

Four days later, the patient was discharged to be 
followed up as an outpatient. No surgery was 
contemplated at this time. 


Discussion 


HISTORICAL REVIEW 


Clinically, among the congenital heart di- 
seases, tricuspid atresia has consistently been 
mistaken for congenital tricuspid stenosis. This 
became apparent to us from a review of the 
literature on cases of congenital tricuspid steno- 
sis. We found ten cases of it included in treatises 
dealing exclusively with the clinical features, 
diagnosis and treatment of tricuspid atresia.®~® 

There are two reasons for this error: (1) 
It is difficult to differentiate, clinically, be- 
tween tricuspid stenosis and tricuspid atresia; 
(2) It is believed that stenosis of the tricuspid 
valve is but an anatomic variant of complete 
atresia of this valve. So far in the reported 
cases, the diagnosis of congenital tricuspid 
stenosis has been made only at autopsy (Table I). 

In 1826, Delmas!’ described a case of con- 
genital tricuspid stenosis with pulmonary artery 
atresia. He gave a complete anatomic de- 
scription of the anomaly and explained the 
pathologic physiology arising from the lesion. 
He cited the paper of Meckel, in 1819," as 
containing many observations identical to his 
case.* In 1853, Peacock,” in reporting a case 
of tricuspid stenosis diagnosed at autopsy, 
recognized the congenital origin of the lesion. 


*We reviewed Meckel’s articles! and found no 
authenticated case of congenital tricuspid stenosis. 
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Fic. 3. Cineangiocardiogram, six frames. The right atrium (A) is opacified and dye passes through an atrial septal 
defect (B) to the left atrium (D). Below, the dye passes through the tricuspid opening (C), opacifying the right ven- 
tricle (E). 
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TABLE I 


Author and Year Age and Sex 


Symptoms and Signs 


Associated Anomalies 


1. Delmas,!° 1826 21/_ mo. F 


Cyanosis and dyspnea at birth. 
Dyspneic attacks precipitated 
by “‘colic.” 


Small right ventricle 
Hypertrophied left ventricle 
Pulmonary artery atresia 
Patent foramen ovale 
Patent ductus arteriosus 


(autopsy ) 


2. Peacock,!? 1853 


Cyanosis at birth; dyspnea at 
two weeks of age. 
murmur. 


Small right ventricle 
Large pulmonary artery 
Ventricular septal defect 


(autopsy ) 


Systolic 


3. Abbott,’ 1936 


All cyanotic; dyspneic attacks in 
one. Systolic murmur in two; two 
presystolic murmur in one; 
systolic thrill in one. 


Hypertrophied right ventricle— 


Hypertrophied. left ventricle— 
three 

Dilated pulmonary artery—two 

Hypoplastic pulmonary artery— 
one 

Ventricular septal defect (au- 
topsy }—one 


4. Lewis,'® 1945 


Cyanosis five minutes after birth. 
Systolic murmur and thrill. 


Hypertrophied right ventricle 
Hypertrophied left ventricle’ 
Small pulmonary conus 

Patent ductus arteriosus (au- 


topsy ) 


5; Gasul et al.,* 1950 
in two. 


x-ray 


All cyanotic. 
Left axis deviation in 
the ECG in two; left ventricu- 
lar enlargement and decreased - 
pulmonary markings in two by 


Pulmonary artery atresia—three 

Atrial septal defect—two 

Patent foramen ovale—one 

Patent ductus arteriosus (au- 
topsy )—three 


Systolic murmur 


6. Novelo et al.,4 1951 


Cyanosis and dyspnea at birth, 
Systolic murmur. 
deviation and combined ven- 
tricular hypertrophy in the 
ECG. ‘Decreased pulmonary 
markings and left ventricular 
enlargement by x-ray. 


Small right ventricle, walls thick 
Hypertrophized left ventricle 
Pulmonary artery atresia 

Patent foramen ovale (autopsy) 


Right axis 


In 1936, Abbott’s series of 1,000 cases of 


autopsied congenital hearts included three 
cases of congenital tricuspid stenosis as primary 
lesions and ten cases complicating other con- 
genital defects. In 1945, Lewis’* described the 
histologic features of the tricuspid valve from a 
heart with congenital tricuspid stenosis and 
concluded that such a deformity was due to a 
congenital malformation of the valve, rather 
than to fetal endocarditis as suspected in pre- 
vious reports. 

In 1950, Gasul et al.* considered tricuspid 


atresia and stenosis as one clinical entity divisible 
into two types, one with decreased pulmonary 
markings and amenable to surgery, and_ the 
other with increased pulmonary markings and 
not amenable to surgery. Three cases of 
tricuspid stenosis were included in the first 
type. 

In 1951, Novelo et al.’* suggested the division 
of “non-functioning right ventricle” into two 
types, according to whether or not there is 
hypertrophy or hypoplasia of the inflow tract 
of the right ventricle. In hypertrophy of the 
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Congenital Tricuspid Stenosis 


TABLE 1 Continued 


Author and Year 


Age and Sex 


Symptoms and Signs 


Associated Anomalies 


6 wk. 
5 mo. 
7 mo. 
11 mo. 


7. Chiche,' 1952 


Cyanosis in four; convulsive at- 
tacksinone. Systolic murmur 
in two; no murmur in two; 
thrill in one. Hepatomegaly 
in one. Right axis deviation 
in two; normal axis in one in 
the ECG. Globular enlarge- 
ment in one; definite right 
ventricular enlargement in 
one; normal heart size in one; 
decreased pulmonary markings 
in one and increased markings 
in another by x-ray. 


Small right ventricle, walls 
thick—three 

Hypertrophied right ventricle— 
one 

Hypertrophied left ventricle— 
two 

Normal left ventricle—one 

Pulmonary artery atresia—four 

Atrial septal defect—one 

Patent foramen ovale (autopsy) 
—three 


8. Astley et al.,?7 1953 1 wk. M 


Cyanosis three days after birth. 


Small right ventricle 
Pulmonary stenosis (autopsy ) 


9. Durand & Metianu,® 
1954 


7 yr. F 


Cyanosis at three months; 
squatted. Nomurmur. Left 
axis deviation and left ventric- 
ular hypertrophy in the ECG. 
Absent right border, convex 
left border by x-ray. 


Small right ventricle 
Hypertrophied left ventricle 
Pulmonary stenosis 

Atrial septal defect 

Ventricular septal defect 
Transposition of great vessels 


(autopsy ) 


10. Brown et al.,° 1956 13 yr. F 


Mongol. Cyanosis at birth; 
squatted; clubbing. Systolic 
murmur; presystolic wave in 
the jugular pulse. Left axis 
deviation in the ECG. De- 
creased pulmonary vascularity 
and ‘‘bottle-shaped” heart by 
x-ray. 


Small right ventricle 

Hypertrophied left ventricle 

Hypoplastic pulmonary artery 

Atrial septal defects and patent 
foramen ovale 

Ostium primum defect 

Ventricular septal defect 

Patent ductus arteriosus (au- 


topsy ) 


11. This report 3 mo. M 


Cyanosis on crying. Systolic 
murmur. Hepatomegaly with 
atrial pulsation. Left axis de- 
viation and left ventricular 
preponderance in the ECG. 
Increased pulmonary markings 
and ‘‘square-shaped” heart by 
x-ray. 


Small right ventricle 
Atrial septal defect (cineangio- 
cardiogram) 


inflow tract, the electrocardiogram shows right 
axis deviation, while with hypoplasia, left axis 
deviation is present. They reported a case of 
tricuspid stenosis with pulmonary artery atresia 
and a small thick-walled right ventricle. The 
electrocardiogram showed right axis deviation 
and changes suggestive of combined right 
and left ventricular hypertrophy. However, 
relying mainly on the x-ray findings, the 
authors made the clinical diagnosis of 
tricuspid atresia. They believe, therefore, that 
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good correlation of the electrocardiographic 
and radiologic findings is essential. 

. In 1952, Chiche* pointed out that congenital 
tricuspid stenosis is almost always accompanied 
by pulmonary artery atresia and by a right 
ventricle that may be small but thick-walled. 
He suggested that tricuspid stenosis is altogether 
different from tricuspid atresia and, therefore, 
should be distinguished from the latter. He 
cited four cases of tricuspid stenosis, all asso- 
ciated with pulmonary artery atresia.° Three 
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of the subjects had small thick-walled right 
ventricles and the fourth one had a normal right 
ventricular cavity with hypertrophied walls. 

In 1953, Astley et al.’ described fifteen cases 
of tricuspid atresia and one case of tricuspid 
stenosis. They introduced new criteria for 
the diagnosis of tricuspid atresia, but made no 
mention of the diagnosis of congenital tri- 
cuspid stenosis. 

In 1954, Durand and Metianu® cited the 
case of a seven year old girl with tricuspid 
stenosis and transposition of the great vessels. 
They believe that stenosis of the tricuspid valve 
is a rare anatomic variation of tricuspid 
atresia, found in approximately 20 per cent of 
patients diagnosed as having tricuspid atresia. 

In 1956, Brown et al.® while reporting eight 
cases of tricuspid atresia, included one case of 
congenital tricuspid stenosis diagnosed at au- 
topsy. Angiocardiagrams had provided no 
clue to the presence of congenital tricuspid 
stenosis. In the opinion of these authors, 
it was not possible to differentiate between tri- 
cuspid atresia and stenosis with the technics 
available at that time. 


CLINICAL FEATURES 


A summary of the findings of the reported 
cases of congenital tricuspid stenosis, including 
our own, is given in Table 1. To date, the 
symptomatology and diagnostic features of 
congenital tricuspid stenosis have not been 
clearly defined. In contrast, the clinical charac- 
teristics of acquired tricuspid stenosis are well 
documented, having recently been emphasized 
by Killip and Lukas'® and Gibson and Wood.!® 
These include enlarged right atrium, prominent 
*‘a” wave in the jugular veins, hepatomegaly. 
with presystolic pulsation, edema, ascites, 
tricuspid diastolic murmur and, occasionally, 
an opening snap of the tricuspid valve. These 
same features may be found in the congenital 
form. However, the clinical picture of each 
type may vary widely depending upon the 
severity and multiplicity of valvular involvement 
in the acquired form and the number and type 
of associated defects of the congenital type. 
In general, the clinical features of congenital 
tricuspid stenosis are similar to those of tricuspid 
atresia. 

The age of the reported patients ranged from 
one day to twenty-eight years. Consequently, 
it is impossible to predict longevity in affected 
patients. However, at least three patients 


have reached the second and third decades of 


Fic. 4. Phonocardiogram and hepatic pulse tracing. 
The upper tracing is taken at 25 mm. per second and the 
lower tracing at 75 mm. per second. The time interval 
is .04 second. In each record, the phonocardiogram is 
above and the hepatic pulse is below. There is a systolic 
murmur (SM) but no diastolic murmur. The atrial 
wave (a) is large, while the ‘‘v’”? wave appears normal. 


life. This alone suggests that a correct clinical 
diagnosis is imperative, since surgical correction 
would seem to be feasible. 

The sex was noted in eleven df the eighteen 
cases covered in this report. A predominance 
of females (eight) over males (three) was in- 
dicated. It is interesting to note that in a study 
of fifty patients with acquired tricuspid valvular 
disease by Aceves and Carral,” 68 per cent 
were women and 32 per cent were men. Fried- 
berg!® states that acquired tricuspid valvular 
disease, especially pronounced tricuspid stenosis, 
is definitely predominant in females. 

Cyanosis was present in all the subjects in- 
cluding our own. It was either evident at 
birth or it developed shortly thereafter. One 
of Abbott’s subjects was said to have terminal 
cyanosis. Clubbing was mentioned in con- 
nection with only one patient, reported on by 
Brown et al. Dyspnea was noted in four cases 
and “squatting” in two. Convulsive attacks 
were present in one of Chiche’s patients.® 

Murmurs: Although a systolic murmur was 
present in eleven subjects, including our own, 
a presystolic murmur was noted in only one. 
In three patients, no murmur was heard. The 
statement of Coelho’® that a diastolic murmur 
in acquired tricuspid stenosis is rare, appears 
to apply to the congenital patients as well. 
A phonocardiogram, taken at the lower left 
sternal border simultaneously with the hepatic 
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pulse tracing in our patient, did not show any 
diastolic murmur (Fig. 4). A systolic thrill 
was mentioned in three cases. 

Electrocardiogram: Left axis deviation was 
present in five patients and right axis deviation 
in three, while in one patient the electrical 
axis was normal at 55°. Novelo et al." in- 
terpreted the electrocardiogram in their case 
as suggestive of biventricular hypertrophy. 
Both Chiche* and Novelo et al. suggest that 
right axis deviation may occur in patients 
with a small thick-walled right ventricle. 

According to Novelo et al.,4 the hypertrophy 
or the hypoplasia of the inflow tract of the right 
ventricle may determine the deviation of the 
electrical axis to the right or left, respectively, 
They observed that cases of tricuspid atresia 
associated with a ventricular septal defect and 
a normal outflow tract of the right ventricle, 
but with an inflow tract which is hypoplastic 
clearly show left ventricular hypertrophy in 
the electrocardiogram. On the other hand, 
the patient they reported on had hypertrophy 
of the inflow tract and a markedly hypoplastic 
outflow tract and the electrocardiogram showed 
right axis deviation. 

It appears, then, that congenital tricuspid 
stenosis should be considered as a diagnosis 
if a patient suspected of having a tricuspid 
atresia on clinical and radiologic findings shows, 
in the electrocardiogram, a normal or right 
axis deviation with left ventricular hypertrophy 
or combined ventricular hypertrophy. 

Anatomic Findings: ‘There was only one case 
of tricuspid stenosis associated with transposi- 
tion of the great vessels. In contrast, in about 
a third of the subjects with tricuspid atresia, 
transposition of the great vessels was present.”° 
The anomalies most commonly associated with 
congenital tricuspid stenosis were: (1) small 
right ventricle, (2) left ventricular hypertrophy, 
(3) pulmonary artery atresia or hypoplasia, 
(4) atrial septal defect or patent foramen ovale 
and (5) patent ductus arteriosus. 

A ventricular septal defect was found in only 
four cases. In the case reported by Brown 
et al.® the subject, a mongoloid infant, had an 
ostium primum defect in addition to other atrial 
and ventricular septal defects. Left ventricular 
hypertrophy was verified at autopsy in ten 
cases. The right ventricle was hypertrophied 
in four patients and, in four other patients, a 
small thick-walled right ventricle was noted. 

Cardiac catheterization offers little or no help 
in the diagnosis of tricuspid atresia. Failure 
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to catheterize the right ventricle does not 
establish the presence of such a defect. On the 
other hand, angiocardiography does provide 
the necessary clues. Cineangiocardiography 
imparts additional dynamics to the otherwise 
static angiocardiogram. 

Cineangiocardiography was undertaken to verify 
our original clinical impression of tricuspid 
atresia. It conclusively established the diag- 
nosis of tricuspid stenosis. In the angiocardio- 
gram, such differentiation had not been possible. 
In fact, opacification of a rudimentary right 
ventricle by way of an assumed ventricular 
septal defect has been suggested, not only as a 
diagnostic sign, but also as confirmatory 
evidence of tricuspid atresia. Obviously, a 
small right ventricle can also be filled with 
dye from the right atrium, by way of a small 
tricuspid opening, without necessarily assuming 
a ventricular septal defect. 

Liver Pulsations: With the exception of one 
case reported by Chiche® and the case reported 
here, hepatomegaly was not mentioned. He- 
patic pulsation was not noted in any of the re- 
ported cases. The pulsation of the liver in 
our patient was definitely identified as presys- 
tolic by the hepatic pulse tracing (Fig. 4). 
A presystolic wave in the jugular pulse was 
detected in one patient reported on by Brown 
et al.® 

Atrial or presystolic pulsation of the liver 
has been recognized as a diagnostic sign of 


tricuspid stenosis since Mackenzie described it 


in 1902." However, few hepatic pulse tracings 
are recorded in the literature. In 1950, 
Grishman et al.,” in a well documented study, 
reported presystolic pulsations of the liver in 
the absence of tricuspid valvular disease. They 
presented fourteen patients who had _ heart 
diseases without a tricuspid valve lesion. 
They postulated that, in these patients, obstruc- 
tion to outflow from either the right atrium 
or right ventricle was a common factor 
responsible for the retrograde transmission 
of right atrial pressure to the liver. While a 
presystolic pulsation of the liver may occur in 
other conditions, it is most logical to assume 
the presence of tricuspid disease as a working 
impression. Obviously, the diagnostic value 
of a presystolic liver pulsation depends on the 
total clinical picture of a given subject. 

A presystolic pulsation of the liver is common 
to both tricuspid stenosis and tricuspid atresia. 
Therefore, an hepatic pulse tracing does not 
help to differentiate between these two con- 


i 

| 

| 

wid 

= 
a 


Calleja, Hosier and Kissane 


Fic. 5. Hepatic pulse tracings in another case with 


proved tricuspid incompetence. The arrows indicate 
the systolic wave “‘en plateau.” Note its gradual and 
delayed rise and fall. This wave replaces the systolic 
collapse seen in the normal hepatic pulse tracing. 


ditions. On the other hand, in tricuspid in- 
competence, functional or organic, the hepatic 
pulse is systolic in time. Timing of the liver 
pulsation may be difficult by palpation alone, 
especially in the presence of a rapid pulse rate. 
Furthermore, in cases of tricuspid stenosis 
complicated by incompetence, as is usually 
found in acquired tricuspid valvular disease, 
even when normal sinus rhythm is maintained, 
only the stronger systolic pulsation of tricuspid 
incompetence may be appreciated, while the 
weaker presystolic pulsation may be missed 
completely. 

By taking an hepatic pulse record, these 
pulsations can be timed accurately. In the 
case reported here, the hepatic pulse tracing 
clearly showed a huge presystolic wave. 
absence of any systolic wave “en plateau” 
definitely ruled out any isolated or coexisting 
tricuspid incompetence. For comparison, Fig- 
ure 5 is a tracing of a fifty-nine year old man 
with rheumatic heart disease who had an aortic 
stenosis and a tricuspid stenosis and incompe- 
tence. The absence of the “a” wave is due to 
the presence of atrial fibrillation. 

A prominent systolic wave “en plateau” 
occupies the whole of the cardiac systole. 
The slow and delayed rise of the plateau wave 
and its gradual fall are consistent with the 
interpretation of organic tricuspid stenosis 
and incompetence. 

Recent reports of surgical correction of 
acquired tricuspid stenosis” :** make its precise 


The- 


clinical diagnosis of paramount importance. 
At present, the diagnosis of this lesion is sub- 
stantiated by catheterization data.** It is 
suggested that cineangiocardiography may be of 
value in visualizing dynamically significant 
acquired tricuspid stenosis. Correlation of 
cineangiocardiographic findings with the pres- 
sure gradient across the valve obtained by 
catheterization of the right heart may prove 
to be of great help in arriving at a correct 
diagnosis. 


SUMMARY 


1. By the use of cineangiocardiography, 
a three-month old patient with congenital 
tricuspid stenosis has been correctly diagnosed 
during life. All previous reports of this con- 
dition have emanated solely from postmortem 
findings. 

2. The clinical features of tricuspid stenosis 
are similar to those of tricuspid atresia. How- 
ever, the presence of a normal or right axis 
deviation in the electrocardiogram in a patient 
suspected of having tricuspid atresia should 


- make one suspect the existence of tricuspid 


stenosis. Cineangiocardiography should be un- 
dertaken to differentiate between the two con- 
ditions. An hepatic pulse tracing is helpful 
in correctly timing the liver pulse. In our 
patient, it eliminated the possibility of tricuspid 
incompetence being present. 

3. Congenital tricuspid stenosis should be 
treated as a clinical entity separate from tri- 
cuspid atresia because a correct diagnosis of 
the former can now be made during life. In 
addition, in keeping with the recent advances 
in tricuspid surgery, surgical correction may be 
feasible. 

4. It is suggested that cineangiocardio- 
graphic findings, perhaps when correlated with 
pressure gradients across the valve, may -be of 
value in the diagnosis of acquired tricuspid 
stenosis. 


REFERENCES 


1. Appott, M. E. Atlas of Congenital Cardiac Dis- 
ease. New York, American Heart Association. 
1936. 

2. Vacca, J. B., Bussman, D. W. and Mupp, J. G. 
Ebstein’s anomaly: complete review of 108 cases. 
Am. J. Cardiol., 2: 210, 1958. 

3. Barritt, D. W. and Uricu, H. Congenital tri- 
cuspid incompetence. Brit. Heart J., 18: 133, 
1956. 

4. Cuicue, P. L/atresie tricuspidienne. In: Sou ie, 
P. et al. Cardiopathies, p. 120. Paris, 1952. 
Expansion Scientifique Francaise. 


THE AMERICAN JOURNAL OF CARDIOLOGY 


: 
is 
4 
7, 
he 
ui 
bi 
TO 
rs 
os 
NY 
ape 
jer Bt 
EN 
arte 


10. 


11. 


12. 


13. 


14. 


. Brown, J. 


Congenital Tricuspid Stenosis 


. Cutcue, P. Etude anatomique et clinique des 


atresias tricuspidiennes. Arch. mal. coeur, 45: 980, 
1952. 


. Gasut, B. M., Fett, E. R., Mavretuis, W. and 


Cases, R. Diagnosis of tricuspid atresia or 
stenosis in infants. Pediatrics, 6: 862, 1950. 


. AstLey, R., Oxtpuam, J. S. and Parsons, C. 


Congenital tricuspid atresia. Brit. Heart J., 15: 


287, 1953. 


. Duranp, M. and Metianu, C. Atresie ou hypo- 


plasie tricuspidienne. In: Donze.ot, E. and 

D’Atxarnes, F. Traite des Cardiopathies Con- 

genitales, p. 811. Paris, 1954. Masson et Cie. 

W., Heatu, D., Morris, T. L. and 

Wuitaker, W. Tricuspid atresia. Brit. Heart 
J., 18: 499, 1956. 

Detmas, M. Observation sur une cyanopathie, ou 
maladie bleue, dependent d’une affection organique 
du coeur. Ephemerides Medicales de Montepellier, 1: 
64, 1826. 

MeckeEL, J. F. Essaie sur l’histoire des vices de con- 
formation du coeur qui s’opposent a la formation 
du sang rouge (premier article p. 224 & deuxieme 
et dernii4 article p. 301). J. Complimentaire, 
3, 1819. 

Peacock, T. B. Malformation of the heart. Con- 
traction of the right auriculo-ventricular orifice 
with two small apertures in the septum ventricu- 
lorum. Tr. Path. Soc., 5: 64, 1853-54. 

Lewis, T. Congenital tricuspid stenosis. Clin. Sc., 
5: 261, 1944-5. 

Noveto, S., Cuait, L. O., Zapata Diaz, J. and 


OCTOBER 1960 


15. 


16. 
17. 
18. 
19. 
20. 


21. 
22. 
23. 


24. 
25. 


829 


VeELazques, T. Atresia pulmonary estenosis 
tricuspidea sin communicacion interventricular. 
Arch. Inst. cardiol. México, 21: 325, 1951. 

T., III and Lukas, D. S. Tricuspid steno- 
sis—clinical features in twelve cases. Am. J. Med., 
24: 836, 1958. 

Gipson, R. and Woop, P. The diagnosis of tri- 
cuspid stenosis. Brit. Heart J., 17: 532, 1955. 

Aceves, S. and Carrat, R. The diagnosis of tri- 
cuspid valve disease. Am. Heart J., 34: 114, 1947. 

FriepBerGc, C. K. Diseases of the Heart, 2nd ed., 
p. 711. Philadelphia, 1956. W. B. Saunders. 

CoetHo, E. Physiopathologic study (clinical and 
experimental) of the tricuspid valve. Am. J. 
Cardiol., 3: 517, 1959. 

Epwarps, J. E. and Burcue.t, H. B. Congenital 
tricuspid atresia: a classification. M. Clin. 
North America, 33: 1177, 1949. 

MackenziE, J. Quotedby Turnbull et al. The 
auricular form of liver pulsation and its relation to 
tricuspid stenosis. Heart, 3: 243, 1911. 

GrisHMAN, A., Kroop, I. G., Srernserc, M. F. and 
Dack, S. Presystolic pulsations of the liver in the 
absence of tricuspid disease. Am. Heart J., 40: 
731, 1950. 

Hotiman, A. Tricuspid valvotomy. Lancet, 1: 
535, 1956. 

PantrincE, J. F. and R. J. Tricuspid 
stenosis. Lancet, 1: 1319, 1957. 

Kuurp, T., III and Luxas, D. S. Tricuspid steno- 
sis: physiologic criteria for diagnosis and hemo- 
dynamic abnormalities. Circulation, 1 6: 3, 1957. 


be 
| 
9 
= 
} 
= 
fife 
the: | 
Wee 
ip 
| 
| 


Aneurysm of the Right Coronary Artery 


Rupture into the Right Atrium with Survival for One Year* 
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UCCESSFUL SURGICAL repair of acquired left- 
S to-right shunts within the heart has resulted 
in a need for accurate diagnosis of the site of 
such shunts. The unusual origin of the shunt 
described in the following report was not sus- 
pected before the patient’s death. 


CasE REPORT 


Aseventy-four year old white man was admitted toa 
hospital on September 24, 1956 because of severe 
chest pain of one day’s duration. Until that time he 
had been able to lead a fairly vigorous life on a small 
farm. On September 23, some hours after strenuous 
exertion, sudden severe pain developed across the 
lower-mid and right-anterior part of the chest and 
lasted for twenty-four hours. ‘The pain was accentu- 
ated by deep respiration but did not radiate. The 
patient was treated for a suspected myocardial infarc- 
tion. The pain did not recur. Shortly after the 
initial treatment, breathlessness and a painful swelling 
of the left arm, followed by a similar swelling of the 
right arm was noted. Edema of both legs then de- 
veloped. Dyspnea, orthopnea and edema persisted 
in spite of treatment with digitalis and diuretics. At 
no time did the patient complain of a cough. 
Thoracentesis was required to remove a right pleural 
effusion (13,000 ml.). The patient was discharged 
from the hospital on December 23, 1956. 

One month later, he was referred to the Colonel 
Belcher Hospital for diagnosis and treatment of 
persistent congestive heart failure. He had no other 
complaints. His past history was not suggestive of 
angina. Apart from multiple ligations of varicose 
veins in 1914, he had been in good health until 1951 
when he complained of indefinite pains in his muscles 
and peripheral joints for a period of four weeks. He 
had had no fever. His physician at that time re- 


corded ‘‘a systolic apical murmur transmitted to the 
axilla.” The patient had no symptoms referable to 
his heart for the ensuing five years. 

Physical Findings: Blood pressure was 130/75. 
Atrial fibrillation was present with an apical rate of 80 
per minute. The jugular venous pulse showed 
large V waves and the jugular veins were dis- 
tended. No precordial thrill or ventricular thrust 
was palpable. A third heart sound was palpable at 
the apex which was at the anterior axillary line. 
The pulmonic element of the second, basal sound was 
moderately accentuated. A continuous harsh mur- 
mur was best heard over the lower part of the sternum. 
There was evidence of a right pleural effusion, 
hepatomegaly (5 cm. below the costal margin), ascites 
and pitting edema extending to the mid-thigh. 

Since the beginning of his illness, the patient had 
received digitalis and diuretics but, in spite of con- 
tinued treatment, thoracentesis was again necessary. 
Between January 24 and February 21, 1957 approxi- 
mately 6.3 L. of fluid were removed from the chest. 
He was transferred on February 21 to the University 
of Alberta Hospital for consideration of surgical 
treatment of an aneurysm of the sinus of Valsalva 
which was thought to have ruptured into either the 
right ventricle or pulmonary artery. 

The findings described above were unchanged. 
Cyanosis of the extremities was marked. A total of 
2,400 cc. of straw colored fluid was aspirated from 
the right side of the thorax during the next week. A 
diagnosis of acquired intracardiac left-to-right shunt 
with functional insufficiency of the tricuspid valve 
was made. ; 

Laboratory Results: The hemoglobin was 13.5 gm. 
per cent. A total white cell count was 9,600 with a 
normal differential count. The erythrocyte sedi- 
mentation rate was normal. A Kahn test was nega- 
tive. Serum sodium, potassium, chlorides, blood 


*From the Department of Medicine, University of Alberta Hospital, Edmonton, Canada, the Colonel Belcher 
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Fic. 1. Electrocardiogram taken five months after 
probable rupture of aneurysm into right atrium. 


urea nitrogen and carbon dioxide combining power 
were all within normal limits. Serum albumin was 
3.36 gm. per cent and serum globulin, 2.82 gm. per 
cent. 

The electrocardiogram (Fig. 1) revealed slow atrial 
fibrillation with slow ventricular rate, RS-T depres- 
sion and flat, diphasic and negative T waves com- 
patible with myocardial damage and digitalis effect. 
No evidence for myocardial infarction was noted. 

Assessment of the heart by roentgenographic examination 
(Fig. 2) was difficult because of the extensive right 
pleural effusion. A small effusion was noted on the 
left and calcification was seen in the aortic arch. 

Cardiac catheterization was performed in an attempt 
to localize the site of the left-to-right shunt. The 
catheter was not passed into the pulmonary artery 
because of the appearance of numerous multifocal 
premature beats on each attempt and the general 
discomfort which attended catheterization in this 
orthopneic patient. Catheterization data are shown 
in Table 1. The high pressure in the right atrium, 
clinical evidence for tricuspid insufficiency and 
demonstration of the highest oxygen saturation near 
the tricuspid valve made it difficult to differentiate 
between a shunt into the right atrium and one into 
the right ventricle. The fact that there was no 
increase in peripheral pulse pressure did not seem 
incompatible with a moderate shunt originating 
from an aortic sinus. 

The patient and his family did not wish to consider 
surgical repair and he was discharged. Treatment 
for congestive heart failure, including repeated 
thoracentesis, was continued and he remained reason- 
ably comfortable until his death seven months later. 


Autopsy FINDINGS 


There was 1 L. of clear, yellow fluid in the right 
pleural cavity and 50 cc. in the left. The right lung 
was consolidated and weighed 1,000 gm. There was 
microscopic evidence of bronchopneumonia. There 
were 2.5 L. of fluid in the abdomen. The liver was 
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Fic. 2. Posteroanterior radiograph of the chest taken 
five months after onset of heart failure. Large right 
pleural effusion partly obscures the enlarged right 
atrium. 


congested and weighed 1,450 gm. Incidental find- 
ings included a deep penetrating ulcer of the duo- 
denum, 5 cm. in diameter, and marked diverticulosis 
of the descending sigmoid colon. 

The heart weighed 600 gm. The pericardium was 
adherent to the epicardium. All valves were normal 
in appearance. Both coronary arteries were patent, 
although considerable calcification was noted in the 
walls. At a point 3 cm. from its origin, the right 
coronary artery formed an aneurysm 3.5 cm. wide 
and 6 cm. long lying in the lateral wall of the right 
ventricle. The lining of the aneurysm contained a 
small amount of calcium and some antemortem 
thrombus. At the base of the right atrial appendage 
(Fig. 3), a slit in the wall of the aneurysm, 1 cm. in 
length and completely endothelialized, formed a 
communication between the aneurysm and the right 
atrium. The right coronary artery distal to the 


TABLE I 
Cardiac Catheterization 


% Oxygen 
Site Saturation 
(oximeter ) 
S.V.C. 46 
R.A. high 58 23 (mean) 
R.A. mid 60 
R.A. low 66 
R.V. 64 65/25 
Brachial artery 81 128/80 
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Fic. 3. Interior of right atrium showing: (1) atrial 
appendage, (2) fistula from coronary aneurysm to atrium 
and (3) cross-section of right coronary artery distal to 
aneurysm. Insert is a reconstructed sketch of aneurysm 
showing approximate size and relation to heart chambers. 


aneurysm was patent. There was no evidence of old 
or recent myocardial infarction. 


DiscussION 


Etiology: In a review of the literature up to 
1958, Plachta and Speer! found reports of only 
fifty-three adults and fourteen children with 
aneurysms of the coronary artery. In 1948, 
Scott? reviewed the published reports of forty- 
seven localized aneurysms of the coronary ar- 
teries. He believed that in twenty-seven cases 
the aneurysms were congenital or mycotic- 
embolic in origin. Other causes were much less 
common, occurring six times or less in each of 
several groups in which the etiology was thought 
to be arteriosclerosis, syphilis, rheumatic fever, 
polyarteritis, fungous infection and unclassified 
causes. 

In our patient, the only possible causes appear 
to be either arteriosclerosis or congenital mal- 
formation. Mitchell* has stated that an arterio- 
sclerotic rather than a congenital origin should 
be considered if the following conditions are 
met: the aneurysm is not at a bifurcation of 
the vessel, no medial muscular defect is found 
and widespread arteriosclerotic changes are 
found in the coronary vessels. Widespread 
arteriosclerotic changes were noted in the coro- 
nary arteries in our patient. The aneurysm 
did not arise at a bifurcation of the vessel. 
These observations, together with the absence 
of any medial muscular defect in the wall of 
the aneurysm, support a diagnosis of arterio- 
sclerotic aneurysm. The age of the patient 


in itself did not exclude a possible congenital 
origin. Lovitt and Lutz‘ described an aneurysm 
of the left coronary artery in a sixty-two year 
old man which they believed was congenital 
in origin and which communicated by an 
endothelialized channel with the cavity of the 
left ventricle. However, in their patient the 
interior of the aneurysm was multiloculated 
and there was little evidence for coronary 
atherosclerosis. 

Rupture and Fistula Formation: Rupture of 
an aneurysm of the coronary artery is an 
uncommon cause of death. In Mitchell’s 
collected series of seventeen cases*® accepted by 
him as arteriosclerotic in origin, only five 
patients died as a result of rupture. Death 
was attributed to rupture in fourteen of 
thirty-one patients reported on by Packard 
and Wechsler® in 1931, but it should be noted 
that all types of coronary aneurysms were 
included in this review. Myocardial infarction 
is common in those patients whose aneurysms 
are arteriosclerotic in origin and is frequently 
the cause of death before complications arise 
from the aneurysm. Communications, both 
congenital and acquired in origin, have been 
reported between the aneurysm and the right 
atrium,®:’»’ the coronary sinus,’ the left ven- 
tricle,t the pulmonary artery and the peri- 
cardium.® In two of the three reports 
cited previously, in which a fistula existed 
between tle coronary aneurysm and the right 
atrium, the communication appeared to be 
congenital. In the case reported by Valdivia 
the nature of the fistula was not apparent at 
exploratory operation.® 

The history of our patient leaves little doubt 
that rupture occurred suddenly and perhaps 
was related to an unusual degree of physical 
activity preceding the onset of chest pain. 
Although cardiac output was not measured 
at catheterization, the shunt from left to right, 
calculated from oxygen saturations proximal 
and distal to the shunt, was approximately equal 
to systemic flow at the time of investigation. 
It is probable that the source of the shunt could 
have been demonstrated by retrograde aortog- 
raphy. However, because the patient refused 
to consider operation, further investigation 
was not considered. 


SUMMARY 


A case of arteriosclerotic aneurysm of the 
right coronary artery with rupture into the 
right atrium is presented. The case is of 


THE AMERICAN JOURNAL OF CARDIOLOGY 


832 
4 
ip 
{ 
A 
» 
By 
isi 
aks 


Aneurysm of Coronary Artery 833 


interest because of the rarity of this condition, 
the fact that hemodynamic data were obtained 
at catheterization and because this seventy-four 
year old man survived one year after apparent 
rupture occurred. 
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Transplacental Neonatal Digitalis 
Intoxication’ 


Lt. Cotonet Jacques L. SHERMAN, JR., M.D., MC., USAT and Ropert V. Locke, m.p.f 


Munich, Germany 


OUR KNOWLEDGE, no report of neonatal 
digitalis intoxication has ever been 
published. There are animal and human data 
which show that radioactive digitalis glucosides 
pass the placental barrier.' However, in- 
quiries made of several cardiologists and large 
obstetric clinics revealed no additional cases and 
none was found in the clinical or pharmacologic 
literature. We have recently observed a case in 
which digitalis intoxication in utero contributed 
to a neonatal death. 


CasE REPORT 


A twenty-six year old white woman was brought 
to the hospital in the seventh month of pregnancy. 
On admission she was lethargic, nearly incoherent 
and vomiting bile-stained material. Her husband 
stated that she had had two normal pregnancies 
previously. Approximately two months before ad- 
mission the patient had been short of breath, particu- 
larly at night. There were no other signs or symptoms 
suggestive of heart disease. “Three weeks prior to 
admission she started taking five drops of Digitaline 
Nativelle® daily for a ten day period. She then 
took ten drops of Coramine® daily for the next ten 
days. On the morning of admission she took five 


drops of Digitaline Nativelle and in the evening, 


because of shortness of breath, she drank the remain- 
ing digitalis medication. ‘The patient was admitted 
two and a half hours later, having begun to vomit 
about one and a half to two hours after drinking the 
digitalis. 

Digitaline Nativelle (manufactured by E. Fougera 
& Co.) is digitoxin. The concentration and drop 
size is such that the patient’s daily dose of five drops 
was equivalent to 0.1 mg. digitoxin per day and the 
remainder in the bottle, which she drank prior to 
admission, represented 8.9 mg. digitoxin. 

Physical examination revealed an acutely ill woman 
who was retching and vomiting small amounts of 
greenish-yellow liquid material. Her pulse was 
weak and irregular with an average rate of 60 per 


minute. The blood pressure was 124/74 mm. Hg. 
There was a blowing, grade 3 (of 6) systolic murmur 
heard along the left sternal border, loudest in the 
fourth left intercostal space. Uterine distention was 
consistent with a pregnancy of seven and a half 
months’ duration. Fetal heart tones were irregular, 
averaging sixty-eight beats per minute, with oc- 
casional bursts of coupled beats. 

Laboratory studies showed a leukocytosis of 28,300, 
with 85 per cent neutrophils, and a sedimentation 
rate of 51 mm. per hour (Wintrobe). ‘The remainder 
of the hemogram was normal as were the urinalysis 
and roentgenogram of the chest. The initial electro- 
cardiogram showed sinus arrhythmia with a rate of 
60 beats per minute, P-R interval of 0.24 second and 
S-T segment displacement characteristic of digitalis 
effect. 

Clinical Course: Dextrose in water with 40 mEq. 
of potassium added to each liter was administered 
intravenously. Subsequent electrocardiograms 
showed progression of the digitalis effect to complete 
A-V dissociation (Fig. 1). Repeated attempts to 
obtain an electrocardiogram of the fetal heart beat 
failed. The fetal heart beats were no longer audible 
to three observers five hours after admission. 
However, five hours later the fetal heart rate was 
150 per minute and rhythm was regular. At this 
time serum sodium was 130 mEq. per L., potassium 
6.2 and CO, 13.3. The patient improved slowly but 
remained unresponsive and mentally depressed. 
However, by the third day vomiting ceased and the 
patient’s condition had improved to the point where 
she was ambulatory and could eat regularly. The 
electrocardiogram taken at this time is shown in 
Figure 2. On the fourth day, the patient began labor, 
the first stage lasting three and a half hours. The 
fetal heart rate varied between 120 and 140 beats 
per minute during this stage. The second stage of 
labor lasted five minutes; the patient was delivered 
spontaneously of a 2,160 gm. female infant. 

Findings in the Newborn Infant: The infant was 
cyanotic and required assisted respiration for ten 
minutes before normal respirations were established. 


* From the Medical Service, Second Field Hospital, Munich, Germany, APO 407, New York, New York. 
t Present address: Department of Metabolism, Walter Reed Army Institute of Research, Washington, D. C. 


t Pittsfield, Massachusetts. 
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Maternal electrocardiograms obtained on the first and second hospital 


days. Serial strips of Lead 11 show A-V dissociation and abnormal ST-T com- 


plexes due to digitalis toxicity. 
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Fic. 2. Maternal electrocardiograms taken on second and third hospital days. 


An electrocardiogram was obtained fifteen minutes 
after delivery (Fig. 3) which showed first degree A-V 
block and depressed ST-T segments. The P-R 
interval was 0.17 to 0.18 second at a rate of 145 per 
minute. The upper limit of normal for P-R in the 
newborn with this rate is 0.11 second.? The infant 
passed a small amount of blood by urethra, but had 
no significant urinary output. At twenty-four hours 
of age she exhibited rigidity of all extremities and 
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occasional convulsive movements. The electro- 
cardiogram taken at this time is shown in Figure 4. 
Respirations were shallow and rapid and the infant 
became progressively cyanotic. Abdominal disten- 
tion became prominent due to ileus and the presence 
of ascites was detected. Terminally, pitting edema 
developed. Another electrocardiogram showed the 
P-R to be 0.18 second with the cardiac rate 95 per 
minute (upper limit 0.11 second). The blood urea 
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Fic. 3. Infant’s electrocardiogram taken fifteen minutes after delivery. Note P-R interval of 0.17 


to 0.18 second and abnormal ST-T complexes. 


Fic. 4. Infant’s electrocardiogram taken one day after birth. P-R interval now measures 
0.12 to 0.14 second. S-T segment depressions are present. 


nitrogen was 46 mg. per cent. On the third post- 
partum day the infant had an episode of apnea and 
could not be revived. 

Autopsy Findings in the Infant: The postmortem 
findings revealed the cerebral hemispheres to be so 
softened that they could be poured from the skull. 
The cerebellum and brain stem were soft but not to 
the degree seen in the cerebrum. Microscopically, 
there was degeneration of neurons in the pons, 


medulla, dentate nucleus and spinal cord as well as 
fragmentation of the cerebral structure. The kidneys 
showed hemorrhagic infarction of both cortices and 
medulla. A large amount of degenerated squamous 
cells and foamy macrophages within the alveoli was 
evident in the lungs. The heart appeared normal 
on microscopic and gross examination. 

It was the opinion of the pathologist that the cause 
of death was prolonged intrauterine anoxia, based 
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Fic. 5. Maternal electrocardiograms obtained on the 
eighth to sixteenth hospital days. 


upon the evidence of the fetal bradycardia, the 
damage to oxygen-dependent organs and the aspira- 
tion of amniotic debris. There are certain lesions, 
however, which do not seem to be explained on this 
basis; e.g., the normal cardiac muscle. The infant’s 
tissues are being more thoroughly studied. 

Subsequent Maternal Course: The mother improved 
progressively and eighteen days after taking the digi- 
toxin she had an electrocardiogram which no longer 
showed digitalis effect (Fig. 5). Final cardiac 
evaluation revealed a mild, asymptomatic mitral in- 
sufficiency, probably of rheumatic origin. 
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COMMENTS 


This case presents clinical evidence that both 
the mother and fetus suffered from digitalis 
intoxication following ingestion of 8.9 mg. of 
digitoxin by the mother. No method of direct 
analysis of the digitalis content of the infant’s 
tissue was available and the exact relation- 
ship of the digitalis intoxication of the mother 
to the death of the infant is still not clear. 

It should be noted that the infant showed 
digitalis effect until death, which occurred 
seven days after the mother had ingested the 
digitoxin and that evidence of digitalis effect 
in the mother persisted for eighteen days. 


SUMMARY 


Ingestion of 8.9 mg. of digitoxin by a woman 
in the eighth month of pregnancy resulted in 
clinical evidence of maternal and fetal digitalis 
intoxication. The newborn infant died three 
days postpartum, probably from the effects of 
intrauterine anoxia. 
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Diagnostic Shelf 


Hyperparathyroidism with Wenckebach’s 


Phenomenon 


B. CruM, M.D., F.A.c.c. and H. Jackson TIL1, M.D., F.A.C.S. 


Montgomery, Alabama 


HE ELECTROCARDIOGRAM often is valuable 
‘ke suggesting previously unsuspected elec- 
trolyte imbalance such as hyperpotassemia, 
hypopotassemia and hypocalcemia. F yper- 
parathyroidism is best diagnosed in early 
stages before the bone changes are character- 
istic. Certainly calcium and phosphorus meta- 
bolic studies are the primary method of diag- 
nosis. If a characteristic electrocardiogram, 
which is highly suggestive of hypercalcemia 
under the conditions of hyperparathyroidism, 
can be found, the electrocardiographer may be 
able to suggest this diagnosis first to the clinician. 
Beck and Marriott! recently made a plea for 
the study of electrocardiograms of patients 
with hyperparathyroidism to ‘‘determine 
whether there are consistent differences be- 
tween the pattern of hyperparathyroidism and 
that of hypercalcemia from other causes.” 


CasE REPORT 


H. M. W., a thirty-one year old Negro woman, 
claimed to have been in good health until August 
1956 when a backache developed which was ag- 
gravated by standing. She had morning vomiting 
with polydipsia and polyuria expressed by urination 
ten times daily and four to six times at night. In 
October 1956 both hips began to hurt when standing. 
Weight decreased from a high of 120 pounds in 1953 
to 102 pounds at present. ‘Teeth recently became 
loose. The patient denied renal stones. The only 
medication of significance had been some vitamin D 
in February 1957 believed to have been taken only 
briefly. She had had no operations and had three 
normal living children. 

Physical examination revealed a chronically ill, 
mentally dull patient. Blood pressure was 140/80 
mm.Hg. Fundi of the eye, ear, nose and throat were 


normal. There was no sign of epulis or early 
pyorrhea. The neck was supple, the thyroid was not 
enlarged and no abnormal tumor masses were pal- 
pable. The chest was deformed due to caving in of 
the posterior chest wall under scapulae of unknown 
duration. There were no cardiomegaly and no mur- 
murs. The liver, spleen and kidney were not en- 
larged. The pedal pulses were fairly good. Neuro- 
logic examination showed the reflexes to be slightly 
exaggerated; there was slight generalized motor 
weakness in keeping with general debility. 

Laboratory data on admission revealed the follow- 
ing: Hemoglobin, 11 gm. per cent;+ hematocrit, 35; 
white blood cells, 5,900 per cu. mm. with 50 seg- 
mented forms, 47 lymphocytes and 3 monocytes. 
The urine was negative for albumin and sugar; it con- 
tained 10 to.12 white blood cells. The serum calcium 
was 15.3 mg. per cent (normal 8.5 to 11.5 per cent); 
inorganic phosphorus, 2.8 mg. per cent (normal 3 to 
4.5 mg. per cent); alkaline phosphatase, 30. Bessie 
Lowry units (normal 0.8 to 2.3 Bessie Lowry units). 
The serum protein was 7.5 gm. per cent; albumin, 
3 gm. per cent; globulin, 4.5 gm. per cent; non- 
protein nitrogen; 26 mg. per cent. The urine speci- 
men was negative for Bence Jones protein. The re- 
sults of the serologic test for syphilis were negative, 
and the Sulkowitch reaction was 2 plus on four 
separate days. The twenty-four hour urine calcium 
was 179.4 mg. in 1,380 cc. twenty-four hour volume. 
Repeat serum calcium was 17.9; inorganic phos- 
phorus 2.15 mg. per cent; potassium, 4 mEq./L. 
(normal 3.6 to 5.3 mEq./L ); and the CO2 combining 
power, 44 volumes per cent (normal 53 to 78 volumes 
per cent) on May 16, 1957. 

Bone marrow aspiration revealed soft cortex and 
hypocellular marrow. A trephine biopsy specimen 
showed fibrosis of the marrow space. 

Intravenous pyelogram was functionally within 
normal limits; however, there were 6 to 8 stippled 
calcifications bilaterally, more in ther egion of the in- 
ferior and superior calyces. 


* From the Departments of Medicine and Surgery, St. Margaret’s Hospital, Montgomery, Alabama. 
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Hyperparathyroidism with Wenckebach’s Phenomenon 


Fic. 1. 
phenomenon. 


with serum calcium 153 


mg. per cent, Wenckebach’s 


Fig. 2. Electrocardiogram with serum calcium 8.9 mg. per cent, postoperatively. 


Dental x-ray films showed absence of the lamina 
dura. 

Roentgenograms of the pelvic bone and proximal 
end of the femur showed marked areas of moth eaten 
rarefaction. 

The preoperative electrocardiogram is shown. The 
electrocardiogram on May 16, 1959, shows a progres- 
sively lengthened P-R interval until a ventricular 
beat is dropped, characteristic of Wenckebach phe- 
nomenon. QRS is within normal limits. The QT 
interval is 0.32 second. The S-T segment is very 
slightly depressed in leads 1, u, V4 through Vs». The 
T wave is within norma! limits with steep upstroke 
in leads V2 through V4. These findings of a ques- 
tionably shortened QT interval with prolonged P-R 
are compatable with hypercalcemia (Fig. 1). 

Preoperatively (on May 17, 1957) the patient re- 
ceived 0.48 mg. of atropine. The patient was anes- 
thetized with intravenously administered sodium 
Pentothal, nitrous oxide, oxygen and 300 mg. of 
Sucostrin.® The rhythm became regular soon after 
starting the anesthesia. A 1.5 by 1.5 by 2 cm. grey- 
brown mass was removed from the right inferior 
parathyroid. The right superior parathyroid was 
0.5 by 0.5 by 0.75 cm. in size and was biopsied. The 
left inferior parathyroid was slightly enlarged and the 
left superior parathyroid was not found. 
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The pathology report was a benign parathyroid 
adenoma of the right inferior parathyroid and a 
normal right upper parathyroid. 

Postoperatively the cardiac rhythm remained regu- 
lar. The patient was given calcium gluconate 4 gm. 
orally four times a day. A positive Chvostek sign or 
tetany did not develop. 

An electrocardiogram was taken on May 21, 1957 
at which time the serum calcium was 8.9 mg. per 
cent and the inorganic phosphorus 1.5 mg. per cent. 
This electrocardiogram shows QT of 110 per cent 
with small well inscribed T compatable with early 
hypocalcemia (Fig. 2). 


COMMENT 


Differing from the case of Beck and Marriott,’ 
our patient showed a definite S-T segment. 
While the upstroke of the T wave in leads V, 
through V4 was steep with a more gradual 
sloping of the downstroke, more like the 
pattern in hypercalcemia due to vitamin D 
therapy or other causes,‘ this patient did not 
show the early peak of T as reported by Beck.’ 

Due to the arrhythmia the R-R interval is 
variable. Using P-P interval along with QT 
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of QRS complexes showing the shortest P-R, 
the QT of 0.32 second is 104 per cent of normal.® 
If the average ventricular rate of 70 is taken 
then this QT of 0.32 second is about 90 per 
cent of normal; however, we consider this an 
inaccurate value. 

Bellet? states that in dogs hypercalcemia 
produces an initial stage of vagal bradycardia 
with serum calcium levels of 13 to 35 mg. per 
cent, a second stage of tachycardia and ectopic 
beats with serum calcium levels of 30 to 60 mg. 
per cent with 50 per cent dying of ventric- 
ular fibrillation, and in those surviving levels 
higher than 60 mg. per cent, a slowing of the 
heart rate. 

Lepeschkin,* in summarizing the electro- 
cardiographic findings in hypercalcemia ac- 
companying generalized fibrous ostitis, states 
that it always leads to a shortening of the 
relative QT duration sometimes accompanied 
by increased P-R. Increasing vagal tone can 
produce A-V block by its action on the A-V 
node.* While the Wenckebach phenomenon 
produced in this case could be due to the direct 
toxic action of hypercalcemia on the A-V 
node, it probably is due to excessive vagal 
action since it disappeared on atropinization 
and anesthesia prior to surgery, which should 


not have reduced the hypercalcemia. It will 
be of interest to see if other patients with 
hyperparathyroidism show vagal bradycardia 
or evidence of A-V block, such as Wencke- 
bach’s phenomenon, which seems logical from 
the dog experiments’ referred to previously. 
If this is found, then we have another electro- 
cardiographic criterion to add to those of Beck 
and Marriott! as suggestive of hyperpara- 
thyroidism. 


SUMMARY 


A patient with primary hyperparathyroidism 
showing Wenckebach’s phenomenon probably 
secondary to the hypercalcemia is described. 
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Progress Notes in Cardiology 


Edited by EMANUEL GOLDBERGER, M.D., F.A.C.C. 


New York, New York 


Atypical Patent Ductus: 


Use of a Vasopressor 


Agent in Diagnosis 


5 per cent of patients with 
patent ductus have atypical murmurs. 
There may be no murmur, a pulmonic systolic 
flow murmur or a late systolic-early diastolic 
murmur overriding the second sound. Several 
anatomic and hemodynamic situations are re- 
sponsible for this atypical condition: (1) The 
ductus may be extremely small or quite large, 
(2) in infants, the systemic blood pressure may 
be low with relatively high pressure in the 
pulmonary artery or pulmonary hypertension 
may complicate the ductus; when this happens 
the magnitude of the systolic-diastolic pressure 
gradient may be sharply reduced or obliter- 
ated, producing turbulence only in late systole 
or not at all and (3) when patent ductus is 
associated with coarctation, it may join the 
aorta below the constricted segment. 

It is apparent that the size of the ductus and 
the pressure relationships between the aorta 
and pulmonary artery determine the type of 
murmur present in relationship to the degree 
of turbulence produced by the existing systolic- 
diastolic pressure gradients. Employing a vaso- 
pressor amine, mephentermine sulfate (in a 
dose of 15 to 30 mg. intravenously in adults and 
5 to 10 mg. intramuscularly in infants), Drs. 
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Fic. 1. Use of a vasopressor agent in the diagnosis of 
atypical patent ductus. 


Lamar E. Crevasse and R. Bruce Logue (Cir- 
culation, 19: 332, 1959) have been able to raise 
aortic pressure rapidly and thereby widen or 
create the systolic-diastolic pressure gradient 
across the ductus, producing the typical con- 
tinuous murmur in atypical cases (Fig. 1). This 
appears to be a valuable aid in diagnosis be- 
cause it makes catheterization unnecessary. So 
far, twelve atypical cases have been confirmed 
by operation. 


The Ostium Primum Syndrome 


The four defects comprising the complex path- 
ologic entity called persistent common atrioven- 
tricular canal are a persistent ostium primum, 
a posterior membranous ventricular septal 
defect, cleavage of the septal cusp of the tricuspid 
valve and cleavage of the aortic (anterior) cusp 
of the mitral valve. Many other combinations 
of one, two or three of these four features may 
occur and have been reported in the literature. 
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The more familiar ones, other than common A-V 
canal itself, are ostium primum with cleft 
mitral valve and ostium primum with cleft 
mitral and tricuspid valves. However, isolated 
cleavage of the mitral valve and ventricular 
septal defect with defective septal leaflet of the 
tricuspid valve, among other combinations, 
have also been recognized. Isolated ostium 
primum is quite rare. 
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Recently, Drs. Brian Kiely, Paul Adams, Ray 
C. Anderson and Richard C. Lester (Am J. Dis. 
Child, 96: 381, 1958) described fourteen cases 
of A-V canal or ostium primum with cleft 
mitral valve. ‘Ten clinical features of diagnostic 
value were found, namely: (1) systolic thrill, 
(2) apical systolic murmur, (3) diastolic mur- 
mur, (4) first degree A-V block, (5) left axis 
deviation in the limb leads with right ventricular 
preponderance in the precordial leads, (6) elec- 
trically horizontal heart, (7) left ventricular 
enlargement on x-ray examination, (8) left 
atrial enlargement, (9) interatrial left-to-right 
shunt by catheterization (in A-V canal inter- 
ventricular left-to-right shunt may also be 
present) and (10) pulmonary hypertension. 


The diseases most likely to be confused with 
defects associated with ostium primum are 
Lutembacher’s syndrome, ostium secundum 
plus ventricular septal defect, ventricuiar septal 
defect alone and atrial septal defect alone. At 
present, it is not possible to distinguish between 
A-V canal and ostium primum with cleft 
mitral valve, preoperatively, and little is known 
about the clinical findings in the other com- 
binations of defects. 

It is important to recognize the ostium 
primum syndrome in patients being recom- 
mended for surgery, since repair is more difficult 
and dangerous in these defects than it is in 
simpler congenital cardiac anomalies. 
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Book Reviews 


Differential Diagnosis of the Electrocardio- 
gram, by Sidney R. Arbeit, Ira L. Rubin 
and Harry Gross. F. A. Davis Co., Philadel- 
phia, 1960, pp. 212, $10.50. 


Many primers and manuals on electrocardiog- 
raphy have been written in the past decade. 
This is one of the best. Its many admirable 
educational features will “enable the clinician 
who is not an expert in electrocardiography to 
establish a diagnosis from an unknown electro- 
cardiogram or to confirm his previously made 
diagnosis.” With this aim in view, the authors 
first present a didactic section on the principles 
of electrocardiography, which clearly and 
simply summarizes our present knowledge of the 
electrcphysiology of the normal heart, the 
technic of recording, the normal values of the 
electrocardiogram and the electrophysiology 
of the abnormal heart. Excellently drawn, 
clear diagrams of the normal ventricular activa- 
tion and the common abnormalities, such as 
myocardial infarction and ischemia, ventricular 
hypertrophy and bundle branch block, are 
presented. These are worth many pages of 
text. 

The second and largest section deals with the 
differential diagnosis of arrhythmias and the 
QRS, ST and T wave abnormalities. It con- 
tains one of the finest atlases cf electrocardio- 
grams presently available. The main criticism 
of this section is that the authors’ method of 
subdividing the various abnormalities leads to 
duplication and overlapping. The student will 
find this section most valuable if he uses each 
electrocardiogram as an unknown and lists the 
diagnostic features before consulting the ex- 
planatory text. The final, short section dis- 
cusses the clinical and _ electrocardiographic 
features of the abnormalities ccnsidered in the 
previous sections. 

The book is well organized and the type is 
large and clear. The large page size allows full- 
sized illustrations and explanatory text to be 
printed on the same page. Much credit is due 
to the illustrator, Felix Traugoff, for the ex- 
cellence of the illustrations. The manual 
should prove to be of great practical value to 
clinicians and students of electrocardiography. 
Teachers of electrocardiography can profit from 
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the authors’ method of apprcach and from the 
beautiful, diagrammatic illustrations of the 
normal and abnormal electrophysiology of the 
heart. 


Pathology of the Heart, 2nd ed., edited by 
S. E. Gould. Charles C Thomas, Springfield, 
1959, pp. 1138, $32.50. 


The second edition of this classic book sur- 
passes the first one, published six years ago under 
the efficient editorship of Dr. Gould. The 
various chapters are beautifully written by 
noted authors who represent the deans of 
American pathology, such as Bagenstoss, Ed- 
wards, Krumbhaar, Lev, Liebow, Moritz, 
Saphir and Wartman, to name only a few. 

Although all the chapters are excellent, 
particular mention should be made of those on 
the development and structure of the normal 
heart (Patten and Barry), the conduction system 
(Lev), the classic descriptions of the various 
congenital malformations (Edwards), diseases 
of the coronary arteries (Gould), endocarditis 
(Saphir) and cardiopulmonary disease (Liebow). 

The editor is to be congratulated for the 
excellent organization of the book and for the 
stress placed throughout on disturbances of 
function as a cause of structural changes. Each 
chapter contains full discussions on clinical 
manifestations and pathophysiology, as well as 
detailed anatomic descriptions of the common 
and rare types of cardiovascular diseases. A 
fairly complete bibliography, arranged accord- 
ing to year, is included in most of the chapters. 
This should prove valuable to those who are 
historically minded or who wish to pursue their 
reading further. The bcok is well printed and 
profusely illustrated with excellent gross and 
microscopic photographs. It will continue to 
maintain its reputation as a standard reference 
source on the pathology of the heart. S. D. 


A Primer of Electrocardiography, 4th ed., by 
George E. Burch and Travis Winsor. Lea and 
Febiger, Philadelphia, 1960, pp. 293, $5.00. 


Despite today’s inflation, A Primer of Electro- 
cardiography, with “facts necessary for all who 
are starting to learn about, understand and 
interpret electrocardiograms,”’ as the publishers’ 
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cover proclaims, still only costs five dollars. 
This reviewer has always liked the book and 
recommends it to medical students, interns and 
residents who know little about electrocardiog- 
raphy. In fact, he owns and uses a dog-eared 
first edition (circa 1945) for quick reference. 

In the process of reviewing the latest edition, 
however, some shortcomings were disclosed. 
Although the book, like Topsy, has grown, this 
volume perpetuates some of the stylistic and 
typographic errors of the first edition and at the 
same time, perpetrates new ones. ‘The lack of 
extensive revisions preserves an awkward sen- 
tence, such as: “‘Never make a prognosis as a 
part of routine interpretations of electrocardio- 
grams.” (page 95) and an ambiguous sentence, 
such as: “The portion of the heart involved in 
posterior infarction is the postero-diaphragmatic 
area of the left ventricle and adjacent portion 
of the septum.” (page 239). 

In this edition, two paragraphs that were 
separated (and correctly so) in the original 
edition, are joined together on the bottom of 
page 182. A discussion of strictly posterior 
myocardial infarction (page 245) refers to 
Figure 188, which illustrates a postero-inferior 
infarction. Its caption states: “‘Diagram to 
the left is a vertical section of the heart.” 
Actually, the diagram is to the reader’s right. 

As the authors confess in the introduction, 
“The revisions in this edition have not been 
extensive.” To the reviewer, the book seems 
slightly neglected and, like the ageless comic 
heroine, Little Orphan Annie, and her dog, 
Sandy, despite the passage of time and the 


progress of electrocardiographic research, the 
book and the authors’ dogma, ‘Essential for 
the proper introduction to and a clear under- 
standing of such a subject as electrocardi- 
ography,” have not changed greatly over the 
last fifteen years. 

To be sure, some new material has been added 
piecemeal. A welcome addition to the primer, 
both in content and style, is a section on spatial 
vectorcardiography. The influence of quini- 
dine on the electrocardiogram is now discussed 
and the section on electrolyte disturbances has 
been enlarged. Despite the publisher’s en- 
thusiastic announcement that “The appendix, 
with its wealth of valuable supplementary ma- 
terial, has been expanded considerably,” the 
appendix still contains six tables and two figures 
as it did in 1945. ‘The main difference is that 
the tables are now numbered 2 to 7 instead of 
1 to 6. 
A thorough overhauling of the book to or- 
ganize and integrate its contents and to elimi- 
nate its errors will improve future editions. 
Since the tyro needs information about his 


-machine, such a revised edition should also 


amplify the data on vacuum-tube electro- 
cardiographs. Although this volume describes 
string galvanometers in detail, it devotes too 
little space to the direct-writing electrocardio- 
graphs most widely used today. 

Nevertheless, this primer on electrocardiog- 
raphy can be recommended for its usefulness, 
practicality and inexpensiveness to beginners 
content with the essentials of electrocardiog- 
raphy. RAYMOND Harris, M.D. 
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Abstracts 


Ballistocardiograph Research Society, 
Annual Meeting 


Atlantic City, New Jersey, May 1960 


EXPERIMENTAL CORRELATION OF THE ULF BALLISTO- 
CARDIOGRAPH WITH THE AORTIC FLOW AND THE VENOUS 
RETURN. Leon Jonnart, M.D., Namur, Belgium. 


The ULF displacement and velocity ballistocardio- 
grams of dogs were correlated with the flow curve of the 
aorta and of the inferior vena cava, recorded as the dif- 
ferential pressure between their two ends. It is con- 
cluded from the experiments that in normal subjects 
the shape of the ULF velocity BCG reflects closely the 
variations of the blood velocity in the ascending and 
the descending aorta, respectively. This applies ex- 
clusively to normal or nearly normal conditions; for 
in cardiac decompensation additional factors, such as 
abnormialities of the ventricular rapid filling phase, may 
act as well to modify the L wave. 


BALLISTOCARDIOGRAPHIC EVALUATION OF THE CARDIO- 
VASCULAR AGING PROCESS IN OVERTLY HEALTHY MEN 
EIGHTEEN TO FIFTY-FOUR YEARS OF AGE. Arthur J. Moss, 
M.D., U. 8. Naval Aviation Medical Center, Pensacola, 
Fla. 


A clinically adaptable ultralow frequency accelera- 
tion ballistocardiograph that met all theoretic con- 
siderations of biophysical design was used to evaluate 
the cardiovascular aging process in 307 overtly healthy 
men. 

The initial appearance of accelerated cardiovascular 
aging (grade 1) abnormality was present on the ballisto- 
cardiogram in 16 per cent of the population by age 
thirty-five. A more severe degree (grade 11) was evi- 
dent in 16.5 per cent of the individuals by age fifty. 
There was a rather constant attack rate for the initial 
development of an abnormal ballistocardiogram (grade 
1) during the twenty to thirty-nine age period and an 
accelerated attack rate after age forty. The rate of 
conversion to a more severe grade of ballistocardio- 
graphic abnormality (grade 1 to grade m) increased sig- 
nificantly in the fifth decade. 

The relationship between an abnormal ballistocardio- 
gram, accelerated cardiovascular aging and coronary 
artery disease was discussed. 


A CASE WITH A BALLISTOCARDIOGRAM VERY ABNORMAL 
IN FORM, WITH AN UNUSUALLY COMPLETE STUDY. Edward 
W. Bixby, M.D., Dept. of Therapeutic Research, Uni- 
versity of Pennsylvania, Philadelphia, Pa. 


A patient with the clinical diagnosis of rheumatic 
heart disease with mitral stenosis, tricuspid insufficiency 
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and pulmonary insufficiency was followed with re- 
peated ballistocardiograms at intervals over the last 
years of her life. They showed a downward deflection 
followed by two headward waves of approximately equal 
height, on both HF and ULF instruments. The other 
studies included electrocardiogram and brachial pulse 
taken simultaneously with the ballistocardiogram. Pul- 
monary artery pressure and cardiac output by the Fick 
method were obtained and pulse wave velocity was cal- 
culated from these data. Operative findings and 
necropsy confirmed the diagnosis of rheumatic heart 
disease and mitral stenosis. 

While the data are not completely consistent, prob- 
ably due to difficulty in timing the instant of pressure 
rise in the aortic arch and pulmonary arteries because 
of the length of the cannulas and the movement of their 
tips, there is no doubt that pulmonary artery pressure 
rose considerably later than did the aortic; so the ab- 
normality of the ballistocardiogram can be explained 
by the dissociation of the forces from the two sides of 
the heart, those originating from the right ventricle fol- 
lowing those from the left. The first downward deflec- 
tion of the ballistocardiogram represented left ventricu- 
lar forces, the second those of the right side. 


PHYSIOLOGIC AGE OF THE HEART. Isaac Starr, M.D., 
Dept. of Therapeutic Research, University of Penn- 
sylvania, Philadelphia, Pa. 

Everyone working with ballistocardiograms which 
can be calibrated soon discovers that young subjects give 
larger records than old subjects. In data from this 
laboratory the amplitude of records taken at rest is very 
strongly correlated with the age of the subjects. From 
regression equations defining this relationship, one can 
calculate the subject’s “‘age’”’ if given the ballistocardio- 
gram. 

This ‘‘age’’ may be thought of as the “physiologic 
age”’ of his heart. In most subjects it will be found to 
agree quite closely with the chronologic age but in some 
individuals it differs widely and these cases are espe- 
cially interesting. It is equally interesting to discover 
whether physiologic or chronologic age provides a 
better prediction of the later development of coronary 
heart disease. Statistical analysis of our data shows 
that the race is a close one. In certain individuals 
physiologic age gives a much better prediction. The 
two types of age are neither rivals nor alternatives and 
by using both we can confidently expect to do better 
than by using either alone. 
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CERTAIN RELATIONS BETWEEN THE PULSE AND THE 
BALLISTOCARDIOGRAM. Shigeru Ogawa, M.D. and Isaac 
Starr, M.D., Dept. of Therapeutic Research, University 
of Pennsylvania, Philadelphia, Pa. 


Both the pulse and the ballistocardiogram are gen- 
erated by the cardiac contraction and that there should 
be a relation between them is self evident. However, the 
pulse is generated solely by left ventricular action. The 
ballistocardiogram, while chiefly due to left ventricular 
forces, has a component from the right ventricle. Also, 
the true mathematical theory relating pulse and ballisto- 
cardiogram (Noordergraaf) is extremely complicated, 
so that the discovery of a simple relation which holds in 
all circumstances is most unlikely. Nevertheless, it is 
of interest to try to define the relation in simple terms, 
with the goal in mind of improving our ability to diag- 
nose abnormalities of the right heart. 

During the past few months records of the first deriva- 
tive of the brachial pulse, secured by appropriate elec- 
trical circuits, have been taken simultaneously with 
ULF ballistocardiograms recording acceleration. From 
these records of the first derivative of the pulse, the second 
derivative can be calculated with reasonable accuracy. 
In many instances the calculated second derivative of 
the pulse looks very much like the ULF ballistocardio- 
gram secured simultaneously, but in many other in- 
stances, found especially in the sick, the resemblance be- 
tween the two is poor. It may well be that abnormali- 
ties of the right heart are a large factor in such differ- 
ences, but abnormalities of forces manifesting them- 
selves in the pre-ejection phase of cardiac contraction 
and also factors disturbing the transmission of the pulse 
may play a part. 


AN ANALOG COMPUTER FOR THE HUMAN SYSTEMIC CIRCU- 
LATION. Abraham Noordergraaf, Ph.D. and George Peirce, 
M.S., Dept. of Medical Physics, Physics Laboratory, 
University of Utrecht and the Dept. of Therapeutic 
Research, University of Pennsylvania, Philadelphia, 
Pa. 


In order to arrive at a better description of the per- 
formance of heart and vascular system in terms of the 
physical principles involved and to create a possibility 
to perform more detailed measurements under various 
conditions, an analog computer is under construction. 


An electrical analog was chosen because of its greater. 


versatility than a hydrodynamic model. Electrical 
equivalents for the left ventricle, aortic valves, larger 
arteries and the peripheral resistance are included. 

In principle the equivalents of pressure and flow in ar- 
bitrary locations in the systemic tree, the plethysmogram 
and the ballistocardiogram can be recorded as a func- 
tion of ventricular performance. 

The analog was described and some results shown con- 
cerning the pulse wave velocity and the change in pulse 
contour when the pressure wave travels down the ar- 
teries. Further improvements were discussed. 


CLINICAL OBSERVATIONS ON THE EFFECT OF NITROGLYCERIN 
ON THE DIRECT BODY ELECTROMAGNETIC BALLISTOCARDIO- 
GRAM AND SPECULATION ON ITS ROLE IN ANGINA. Nahum 
Winer, M.D., New York, N. Y. 


Reports on the effect of nitroglycerin on the ballisto- 
cardiogram to date have emphasized increased ampli- 
tude particularly that of I-J, with one report noting de- 
terioration of H-I in approximately one-half the cases. 


The present report is based on qualitative alterations 
in the ballistocardiogram using the direct body head- 
foot technic of Dock and recording displacement, 
velocity and acceleration as described by both Arbeit 
and Smith. 

These studies suggest that nitroglycerin effects are 
generalized rather than involving specifically any one 
vascular branch and that three factors determine the re- 
sulting curves: (1) the frequency range in which these 
movements are recorded; (2) the size of dose or sensi- 
tivity of the patient to the dosage administered; (3) the 
time elapsing between administration and recording. 
Increased amplitudes seem more striking in the lower 
frequency range of displacement, particularly immedi- 
ately following administration. Any deterioration of 
H-I is only suggestive. In the higher frequency range 
of acceleration the alterations are more particularized: 
(A) Immediate: (1) If over-all amplitude is at all increased, 
it is not as marked as in displacement; (2) H-I deterio- 
ration occurs more frequently than not and may be the 
earliest effect, vitiating any tendency to I-J prolongation. 
(B) Subsequent: Usually the alterations are gradually 
restored. When the dosage is excessive for the indi- 
vidual as manifested by drop in blood pressure due to 
progressively overwhelming vasodilation, over-all dim- 
inution in amplitude follows with deterioration of 
I-J-K to an M-shaped complex with JR-JL forming the 
respective peaks. 


ULTRALOW FREQUENCY BALLISTOCARDIOGRAM OF THE 
FRoG. H. Klensch, Institute of Physiology, University of 
Bonn, Bonn, Germany. 


Imitating the human ULF ballistocardiograph used in 
our laboratory (manufactured by F. ‘Schwarzer-Miin- 
chen) we have built a micro-ULF ballistocardiograph 
for small animals (frogs, mice, etc.). The table (25 
gm.) is suspended on two horizontal swings and critically 
damped. The displacement of the table is picked up 
by an inductive system with high time constant. The 
electric signal is given to an EEG-amplifier. Calibra- 
tion is possible in the same manner as in human ballisto- 
cardiography: A small excenter (100 mg. weight, eccen- 
tricity 5 mm.) rotating on the table causes a sinusoidal 
deflection exactly of 0.01 mm. The average displace- 
ment in the frog ballistocardiograph is 0.005 mm. 
(body weight of frog 50 gm.). 

The ULF ballistocardiogram of the frog looks very 
similar to the human ULF ballistocardiograph although 
the circulatory system of the frog is different from that 
of the mammalian. But these differences seem to have 
no influence on the mechanism and origin of the ULF 
ballistocardiograph. 

Estimation of stroke volume of a frog of 53 gm. by our 
human formula had a result (19 .ul) not very different 
from the measured excursions of Ringer’s solution in a 
Straub’s cannula inserted into the aortic bulb of the 
isolated heart of the same frog (= 25 .ul). 


THE CHICKEN BALLISTOCARDIOGRAM. DeWitt Hendee 


Smith, M.D., Princeton, N. J. 


Anatomically, the chicken is well constructed to couple 
to a ULF ballistocardiograph table. The large pectoral 
muscle and supporting bone has the heart directly be- 
hind it. The chicken is easily handled. Older sex 
link hens were found very tractible, could be induced 
without anesthesia to lie on the left side with legs 
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stretched out and the head held upright. From time to 
time slight head movements produce minor artefacts. 
The chicken will generally remain in this position for 
prolonged periods. The tracing has to be run at high 
paper speeds (50 or 100 mm./sec.) if details are to be 
distinguished. The usual parts of the ULF ballisto- 
cardiogram can be seen in the tracing although they are 
not easily discerned. Reasonable reproducibility is 
found. The tracing may also be run slowly and pharma- 
cologically active preparations introduced through a 
plastic cannula into the large alar (wing) vein without 
constraining the ULF ballistocardiograph bed. 


ULTRALOW FREQUENCY BALLISTOCARDIOGRAM DURING 
BREATHING. H. Klensch, Institute of Physiology, Uni- 
versity of Bonn, Bonn, Germany. 


By means of a compensation circuit it is possible to 
eliminate more or less completely the respiratory oscil- 
lations from ULF ballistocardiograms. The output of 
a rubber tube respiration recorder with an electronic 
transducer is mixed with the ballistocardiograph ampli- 
fier output (changed poles) and fed to a third amplifier. 
It is possible to balance the amplitude of the ballisto- 
cardiograph and respiration amplifier and to change the 
phase in a certain range. After optimal balancing of 
the amplitudes, phase and time constant, the resultant 
curve bears little respiratory variation. 

With this equipment one may perform “‘true’’ simul- 
taneous investigations of cardiac output both by ballisto- 
cardiograms and other methods (direct Fick, Stewart- 
Hamilton) without regard to possible differences be- 
tween cardiac output in free breathing and when hold- 
ing the breath. We are able to get the “‘physiologic’’ 
cardiac output during breathing, which is not in all cases 
the same as in holding the breath. We find the cardiac 
output in basal respiration about 10 per cent higher than 
while holding the breath. This may be one of the rea- 
sons why simultaneous investigations of cardiac output 
by direct Fick and ballistocardiographic methods differ 
by about 10 per cent. 


BALLISTOCARDIOGRAMS ON TRAINED (UNANESTHETIZED) 
DOGS. ‘illiam Schwartz, Dept. of Therapeutic Research, 
University of Pennsylvania, Philadelphia, Pa. 


That the ultralow frequency ballistocardiographic 
technic gives fine records on anesthetized dogs has been 
demonstrated in several laboratories. However, the 
control records on these animals have often been of a 
form which, judging from experience with human rec- 
ords, should be judged as abnormal even though the 
ballistocardiogram could often be made normal by car- 
diac stimulation or abdominal compression. 

This study was designed to answer the question: Is 
this abnormality of form due to the anesthetic or to some 
inherent difference in cardiac physiology between man 
and dog? A small ULF ballistocardiogram, designed 
for animal experiments, was used and acceleration was 
recorded. Two large dogs were trained for several 
weeks until they would lie still on the instrument. When 
good training had been attained, simultaneous ballisto- 
cardiograms and electrocardiograms were secured. 
These records were normal in every respect. One of 
the dogs was then anesthetized by morphine, dialure- 
thane and nembutal. While anesthetized, he gave a 
record very abnormal by human standards. There- 
fore, it seems likely that the abnormality of ballistic 
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form so often found in anesthetized dogs is not due to 
anatomic or physiologic differences between dog and 
man but to a true abnormality of cardiac function due 
either to an adverse effect of the anesthetic or to the oper- 
ative procedure which so often accompanies such experi- 
ments. 


CARDIAC CONTROL IN EXERCISE. Ernst Jokl, M.D., Uni- 
versity of Kentucky, Lexington, Ky. 


The current physiologic concept of cardiac control 
in exercise is based upon newer evidence obtained in 
experimental studies with normal human subjects. In 
contrast to observations with the isolated heart or with 
the heart-lung preparation, size and stroke volume of 
the human heart adapt themselves during exercise in 
accordance with patterns of their own. Diastolic end 
volumes become smaller and ventricular output rises. 
Thus the seemingly anachronous situation develops of a 
heart reduced in size expelling larger stroke volumes. 
The explanation of this apparent paradox is that resid- 
ual blood becomes circulating blood, and at the height 
of systole during exercise the cardiac chambers are almost 
empty. 

At rest as well as during exercise, the heart of the 
athlete is characterized by morphologic and functional 
features of which the following are relevant for purposes 
of this presentation: At rest the athlete has a larger 
heart and uses smaller stroke volumes. During exercise 
his heart becomes smaller than that of the untrained and 
steps up ventricular output to maximum. In accord- 
ance with these facts the following ballistocardiographic 
findings were expected: athletes’ tracings to show lower 
amplitudes of I-J and K at rest and higher amplitudes 
during exercise. 

Data collected in this laboratory during well controlled 
exercise experiments with trained and untrained sub- 
jects, all of whom ran a distance of 2 miles, failed to 
comply with the above hypothetic postulates. The 
evidence was presented and alternative interpretations 
given. The suggestion was made that existing theories 
of cardiac control in exercise require major changes. 


BALLISTOCARDIOGRAM IN ACROMEGALY. Jerzy Durkalec, 
M.D., Medical Academy, Poznan, Poland. 


A direct ballistocardiographic method with the use of 
a resonance ballistocardiograph recording displacement 
curves was applied. Ballistocardiograms were per- 
formed in sixteen patients with acromegaly in the age 
group thirty-six to fifty-seven. In most of these cases 
an enlargement of heart volume (Jonsel] method) and 
the prolongation of Q-T interval (electrocardiogram) 
were found. 

The time of the ballistocardiographic waves and their 
relation to Q and R waves of the simultaneously re- 
corded electrocardiographic curve were calculated and 
compared to values obtained in normal subjects. In all 
acromegalic patients a distinct prolongation of Q-G, 
Q-H, Q-I, Q-J and R-H intervals was observed. The 
time of H-I, I-J, J-K, K-L waves did not differ from nor- 
mal values. In all cases of acromegaly the coefficient 
H-K/R-H was diminished (acromegaly: 1.9—-0.29; 
normal: 3.3-0.02). 

The amplitude of systolic complexes and diastolic 
waves did not differ significantly in comparison to the 
normal. Variations in the trace during normal breath- 
ing were found only in six cases (grade 2 according to 
Brown, Hoffman and de Lalla’s classification ). 
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The uniform prolongation of the time of intervals be- 
tween ballistocardiographic and _ electrocardiographic 
waves in all examined patients with acromegaly indicates 
that it may be considered as a characteristic ballisto- 
cardiographic change in this disease. 


CLINICAL PROGNOSTIC VALUE OF BALLISTOCARDIOGRAPHY. 
F. A. Kandalla, M.D., Baghdad, Iraq. 


Ballistocardiography may at times be of clinical help 
to the practitioner. Though it has some specific diag- 
nostic value, which can be obtained much better with 
electrocardiography, fluoroscopy, etc., it has specific 
prognostic value which cannot be obtained by any other 
tools. The following is a classification of simplified 


Abstracts 


clinical criteria for quick spot interpretation of the 
ballistocardiogram : 

Grade I: Readable without timing. Normal tracing 
according to age, sex, weight and height. Normal in 
amplitude, voltage, waves and proportional segments. 
Regular complexes. Very good prognosis. 

Grade II: Readable without timing. Abnormal com- 
plexes, voltage and disproportional segments. Regular 
irregularities. Good prognosis. 

Grade III: Unreadable without timing, but readable 
with timing. Irregular irregularities. Poor prognosis. 

Grade IV: Unreadable with or without timing. 
Chaotic tracing. Very poor prognosis. 
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College News 


President’s Column 


AM GLAD to be able to tell you that the work 
I of the College has continued actively during 
the past few months. I have proceeded with 
the help of the Executive Director and his staff 
to appoint new State and Area Governors, 
Standing Committees and Special Committees. 
You will be interested to know that the Special 
Committees added this year include a Convoca- 
tion Committee, Endowed Lectureship Commit- 
tee, Environmental Stress Committee and Post- 
graduate Education in Foreign Countries Com- 
mittee. 

A great deal of the planning of the Tenth 
Annual Convention to be held in New York 
City in May 1961 has been completed. The 
Scientific Program will be under the Chairman- 
ship of Dr. George C. Griffith of California. 

I have thought a great deal during the past 
months about the mission of the American 
College of Cardiology, and my belief is that its 
real task is the continued training of the special- 
ist in cardiovascular disease. I was interested 
to note recently that Sir William Osler, in 
speaking of the educational value of the medical 
society as far back as 1903, made the following 
statement which I should like to paraphrase 
slightly: ‘‘“There are many problems and dif- 
ficulties in the education of a medical student, 
but they are not more difficult than the question 
of the continuous education of the specialist.” 
He goes on to say, “No class of men needs to 
call to mind more often the wise comment of 
Plato that education is a life-long business.” 

Advances in cardiology, both clinical and in 
research, have been tremendous. As a natural 
result, the specialty of cardiovascular disease 
has been broken down into a number of sub- 
specialties, including pediatric cardiology, car- 
diac surgery, peripheral vascular disease, to 
name only a few. In my opinion, there must 
be a College that will include all of these sub- 
specialties so that, in a sense, they can be 
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brought under one roof. The Annual Meeting 
of the College is an occasion when the specialist 
can increase his knowledge not only in his own 
specialty but also in related subspecialties to 
which he is exposed. 

Beside our Annual Meeting and the Interim 
Meeting held jointly with the American Heart 
Association, the mission of the College is further 
carried out by the Journal, the Encyclopedia, 
the Fireside Conferences and the Workshops 
which bring the members of the College closer 
to teachers in an informal manner. There is no 
doubt that the pendulum of medical education 
is swinging again to the bedside, to the personal 
contact with the preceptor, to the discussion 
group rather than the formal lecture. The Col- 
lege fosters the pattern of small group personal 
training. 

The Workshop Committee has set up a very 
interesting program for the coming year, about 
which you will be hearing from the Executive 
Director. It is also hoped that the mission of 
the College can be further carried out by re- 
gional conferences; several of these have already 
been proposed. 

I think it is important to reiterate that the 
American College of Cardiology is concerned 
only with the continued training of the specialist 
and that it does not certify anyone as a specialist. 
This is a function of the Subspecialty Board of 
the American Board of Internal Medicine. 

By this time those members of the College 
planning to attend the Ninth Interim Meeting 
in St. Louis have reservations. As you know, 
our meeting is being held concurrently with the 
Annual Scientific Sessions of the American 
Heart Association starting October 21st. We 
are looking forward to a fine meeting, and I 
hope as many College members will attend as 
possible. 

Louts F. BisHop 
President 
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Ninth Interim Meeting 


Joint Program with the Thirty-Third Annual Meeting of the American Heart Association 


October 21, 1960, Sheraton-Jefferson Hotel, St. Louis, Missouri 


Scientific Session 3. Surgery for Stenotic Valvular Lesions 
J. L. EHRENHAFT, M.D., Lowa City, Iowa, 
10:45 a.m. to 11:25 a.m. Dwicut E. HARKEN, M.D., Boston, Mass., 
Chairman: A. CARLTON ERNSTENE, M.D., and Wm. Likorr, m.pD., Philadelphia, 
Cleveland, Ohio Pa. 
Co-Chairman: Joun S. LaDue, m.v., New (Room 3) 
York, N. Y. 4. Pulmonary Hypertension as a Limiting 
10:45 a.m. Ear Oximetry in Cardiac Diagnosis Factor in Surgery for Congenital Heart 
Matcotm B. McILrRoy, M.D., Disease 
San Francisco, Calif. C. WALTON LILLEHEI, M.D., Minneapolis, 
11:05 a.m. Objective Evidence of Cardiac Im- Minn., H. W. MarsHALL, M.D.; 
pairment: Functional Tests Rochester, N. Y., and S. Frank REpo, 
Rosert A. Bruce, m.D., Seattle, M.D., New York, N. Y. 
Wash. (Room 4) 
5. Major Vessel Replacement 
Symposium: Atrial Arrhythmias MicuHaeEL E. De BAKEy, M.D., Houston, 
Texas, EpGar V. ALLEN, M.D., Roches- 
11:25 a.m. to 12:30 p.m. ter, Minn., and A. W. Humpnries, M.D., 
11:25 a.m. Mechanism Cleveland, Ohio ' 
Gorpon K. Moe, .p., Utica, (South Room) 
N. Y. 6. Treatment of Cardiac Arrhythmias 
11:50 a.m. Biochemical Changes SAMUEL BELLET, M.D., Philadelphia, 
RicuHarp J. Binc, m.p., Detroit, Pa., REUBEN BERMAN, M.D., Minneapolis, 
Mich. Minn., and Corpay, M.p., Los 
12:10 p.m. Diagnosis Angeles, Calif. 
E. Gray Dimonp, m.p., La Jolla, (Room 6) 
Calif. 7. Problems in the Control of Anticoagulant 
Therapy: Indications and Limitations 
Fireside Conferences KENNETH H. BriINnKHOous, M.D., Chapel 
Hill, N. C., Irvine S. WRIGHT, M.D., 
Sheraton-Jefferson Hotel New York, N. Y., and Rosert G. 
Conference No. 1-13 SIEKERT, M.D., Rochester, Minn. ~ 
1. New Drugs in the Treatment of Hyper- (Room 7) 
tension 8. Fibrinolysis in Practice 
WALTER M. KiIRKENDALL, M.D., Iowa EuGENE E. C.irFrtTon, M.D., New York, 
City, Iowa, Epwarp D. Frets, M.D., N. Y., Oscar D. Ratnorr, M.p., Cleve- 
Washington, D. C. and Jonn H. Moyer, land, Ohio, and ANTHONY FLETCHER, 
M.D., Philadelphia, Pa. M.D., St. Louis, Mo. 
(Room 1) (Room 8) 
2. Surgery for Insufficient Valvular Lesions 9. Treatment of Cardiogenic Shock 


C. A. Hurnacet, m.p., Washington, 
D. C., Henry A. ZIMMERMAN, M.D., 
Cleveland, Ohio, and Rosert P. 
GLOVER, M.D., Philadelphia, Pa. 

(Room 2) 


JoHN SAMPSON, M.D., San Francisco, 
Calif., RicHARD Lyons, M.D., Syracuse, 
N. Y., and Lyste H. PETERSON, M.D., 
Philadelphia, Pa. 

(Room 9) 
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Office Diagnosis of Congential Heart 
Disease 
ALEXANDER S. Nanas, M.D., Boston, 
Mass., BENJAMIN M. GasuL, M.D., Chi- 
cago, Ill., and Howarp BuRcHELL, 
M.D., Rochester, Minn. 
(Ivory Room) 
Management of Angina Pectoris 
GeorcE C. GrirFitH, M.D., Los Angeles, 
Calif., HeRRMAN L. BLUMGART, M.D., 
Boston, Mass., and Louis F. BisHop, 
M.D., New York, N. Y. 
(Ivory Room) 
Methods for the Management of Hyper- 
lipemia 
HERBERT PoOLLACK, M.D., New York, 
N. Y., JEREMIAH STAMLER, M.D., Chi- 
cago, Ill., and Ropert E. OLson, m.D., 
Pittsburgh, Pa. 
(Gold Room) 
Recent Advances in Diagnosis and Treat- 
ment of Rheumatic Fever 
GENE STOLLERMAN, M.D., Chicago, IIlI., 
Mitton S. SAsLAw, M.D., Miami, Fla., 
and JosEpH M. MILLER, m.D., Boston, 
Mass. 
(Gold Room) 


Statler-Hilton Hotel 
Conference No. 14-25 


Applied Phonocardiography 
Victor A. McKusick, M.v., Baltimore, 
Md., J. Scorr BUTTERWORTH, M.D., New 
York, N. Y., and Atpo A. Lutsapa, 
M.D., Chicago, 
(Foyer I) 

Cardiac Function Tests 
Rosert A. Bruce, M.D., Seattle, Wash., 
RICHARD GORLIN, M.D., Boston, Mass., 
and Isaac Srarr, M.D., Philadelphia, 
Pa. 
(Foyer IT) 

Refractory Cardiac Failure 
JaAMEs V. WARREN, M.D., Galveston, 
Texas, E. Grey Diwonp, m.pv., La Jolla, 
Calif., and ALBERT RuBIN, M.D., New 
York, N. Y. 
(Foyer III) 

Evaluation of Radiographic Technics in 

Cardiovascular Disease 
F. Mason Sones, Jr., M.p., Cleveland, 
Ohio, IsrRAEL STEINBERG, M.D., New 
York, N. Y., and Louis A. So.orr, 
M.D., Philadelphia, Pa. 
(Ballroom) 
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Surgical Treatment of Coronary Heart 
Disease 
CHARLEs P. BatLey, m.p., New York, 
N. Y., ARTHUR M. VINEBERG, M.D., 
Montreal, Canada, and Stacey B. Day, 
M.D., Minneapolis, Minn. 
(Los Angeles Room) 


Cardiac Resuscitation 
Hucu E. STEvENson, M.D., Columbia, 
Mo., Oster A. Appott, m.D., Atlanta, 
Ga., and Paut M. Zo tt, m.p., Boston, 
Mass. 
(Washington Room) 


Evaluation of Technics for Measuring 
Cardiac Output 
EUGENE BRAUNWALD, M.D., Bethesda, 
Md., Eart H. Woop, m.p., Rochester, 
Minn., and Lewis DexTER, M.D., Boston, 
Mass. 
(Dallas Room) 


Differential Diagnosis of Cardiogenic Pain 
E. Cowes ANpDRUS, M.D., Baltimore, 
Md., Epcar Hu Lt, m.p., New Orleans, 
La., and Simon Dack, m.p., New York, 
N. Y. 

(Cleveland Room) 


Effect of Environment and Stress upon 

Patients with Cardiovascular Disease 
GeorcE E. Burcu, m.p., New Orleans, 
La., HERMAN K. HELLERSTEIN, M.D., 
Cleveland, Ohio, and Stewart G. 
Wo tr, M.D., Oklahoma City, Okla. 
(Detroit Room) 


Changes in Myocardial Metabolism in 
Heart Disease 
RicHARD J. Bina, M.p., Detroit, Mich., 
DonaLp E. Greco, m.p., Washington, 
D. C., and H. DANFORTH, M.D., 
Clayton, Mo. 
(Missouri Room) 
Place of Vectorcardiography in the Prac- 
tice of Cardiology 
Rosert P. Grant, M.D., Bethesda, Md., 
DeEMETRIO Sop!i-PALLARES, M.D., Mexico 
City, Mexico, and ARTHUR GRISHMAN, 
M.D., New York, N. Y. 
(Daniel Boone Room) 


Management of Cor Pulmonale 
Grorce R. MENEELY, M.D., Nashville, 
Tenn., G. W. H. ScHepers, m.p., Wil- 
mington, Del., and JoHn MOTLEY, M.D.. 
Los Angeles, Calif. 
(St. Charles Room) 
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IN ANGINA PECTORIS AND AFTER MYOCARDIAL INFARCTION 


CORONARY INSUFFICIENCY 


...it is frequently not enough to 


... the treatment must go further boost blood flow through arterial 

than vasodilation alone. It should also offshoots and establish new circulation. 
control the patient’s ever-present The disabling fear and anxiety that 
anxiety about his condition, since invariably accompany the condition 
anxiety itself may bring on must be reduced, or the patient 


further attacks. may become a chronic invalid. 


Protects your coronary patient 


better than vasodilation alone 


Unless the coronary patient's ever-present anxiety 


about his condition can be controlled, it can easily induce 


an anginal attack or, in cases of myocardial 
infarction, considerably delay recovery. 


This is why Miltrate gives better protection for the heart 
than vasodilation alone in coronary insufficiency, angina 
pectoris and postmyocardial infarction. Miltrate contains 
not only PETN (pentaerythritol tetranitrate), acknowledged as 
basic therapy for long-acting vasodilation. What is 

more important — Miltrate provides Miltown, a tranquilizer 
of proven effectiveness in relieving anxieties, fear and 
day-to-day tension in over 600 clinical studies. 


Thus, your patient’s cardiac reserve is protected against his fear 
and concern about his condition...and his operative arteries 
are dilated to enhance myocardial blood supply. 


Miltrate 


Miltown® (meprobamate) + PETN 


(ff) WALLACE LABORATORIES / Cranbury, N. J. 
33 


CML-1388 


: Bottles of 50 tablets. 
Each tablet contains 200 mg. 
Miltown and 10 mg. penta- 
erythritol tetranitrate. 
Dosage: | or 2 tablets q.i.d. 
before meals and at bedtime, 
according to individual require- 
ments. 


REFERENCES 

1. Ellis, L. B. et al.: Circulation 
17:945, May 1958. 2. Friedlander, 
H. S.: Am. J. Cardiol. 1:395, 
Mar. 1958.8. Riseman, J. E.F.: New 
England J. Med. 261:1017, Nov. 
12, 1959. 4. Russek, H. I. et al.: 
Circulation 12:169, Aug. 1955. 
5. Russek, H. I.: Am. J. Cardiol. 
3:547, April 1959. @. Tortora, 
A. R.: Delaware M. J. 30:298, 
Oct. 1958. '7. Waldman, S. and 
Pelner, L.: Am. Pract. & Digest 
Treat. 8:1075, July 1957. 
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Another achievement from the 
world’s largest exclusive manufacturer 


of EKG’s 


AS TOMORROW! 


BECK-LEE 


on entice and accessories 


PORTABLE, DIRECT-WRITING 


ELECTROCARDIOGRAPH 


Not Gadgets, but basic improvements Featuring 


DROP-IN PAPER LOADING 
ne OF FULL-SIZE PAPER 


W TRANSISTOR CIRCUITRY for small size, 
only x72” x 62” 


ew LIGHT-WEIGHT PORTABILITY—17-lb. unit 


ideal for house calls 


AUDIBLE HEART SIGNAL—buit-in 
' monitoring—first on any EKG 


W FULL-SIZE RECORDING PAPER— unique in 
small-size portable EKG 


ew ONE-HAND 


W SINGLE OR 2-SPEED MODELS svitable for 
4 office, hospital or bedside use 


W HIGH INTERFERENCE-REJECTION RATIO 


minimizes AC interference 


ew HIGH-FREQUENCY RESPONSE-—for in excess 


of actual requirements 
VISUAL MONITORING 


USING PAPER 


Ww 2-SPEED VERSATILITY—slide-switch from 
yf 25 to 50 mm/sec. 


Single Speed Dual Speed 


ASK FOR demonstration in your own 
office, no obligation 


-EE Corporation 


ept. AJC1060, 630 W. Jackson Biv 
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for cardiac arrhythmias... obvious advantages 


SQUIBB PROCAINE AMIDE HYDROCHLORIDE 


Pronestyl offers obvious advantages over quinidine and procaine in the management of cardiac 
arrhythmias: “Procaine amide [Pronestyl] should be the drug of choice in arrhythmias of ventricular 
origin.” '"—on oral administration, side effects are less marked than with quinidine—administered 

|.V., Pronestyl is safer than a corresponding |.V. dose of quinidine—administered |. M., Pronestyl acts 
faster than |. M. quinidine?—Pronestyl sometimes stops arrhythmias which have not responded to 
quinidine*:*—Pronestyl may be used in patients sensitive to quinidine—more prolonged action, less 
toxicity, less hypotensive effect than procaine—no CNS stimulation such as procaine may produce. 


Supply: For convenient oral administration: Capsules, 0.25 gm., in bottles of 100. 
For |. M. and |. V. administration: Parenteral Solution, 100 mg. per cc., in vials of 10 cc. 


References: 1. Zapata-Diaz, J., et al.: Am. Heart J. 43:854, 1952. 2. Modell, W.: in Drugs of Choice, C.V. Mosby Co., St. Louis, 1958, p. 454. 
3. Kayden, H. J., et al.: Mod. Concepts Cardiovasc. Dis. 20:100, 1951. 4. Miller, H., et al.: J.A.M.A. 146;1004, 1951. 
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“Are the xanthines effective 
in ANGINA PECTORIS?” 


(Abstract of the paper with above title) 


A favorable response was unequivocally 
demonstrated with aminophylline when ad- 
ministered intravenously to angina pectoris 
patients. In sharp contrast the author, noted 
for his original contributions to cardiovascu- 
lar research, found oral administration inef- 
fective in all patients tested. This suggested 
that the failure was correlated with sub- 
threshold theophylline blood-levels obtained 
with oral administration. 

A 20% alcohol-solution of theophylline 
(Elixophyllin®) has been shown to provide 
blood levels comparable to those obtained 
with I.V. administration of aminophylline. 
This oral preparation and a placebo (identi- 
cal in appearance, taste and alcoholic con- 


tent) were tested by the electrocardio- 
graphic response obtained and by a double- 
blind clinical evaluation. 

The author reported: “In the light of these 
findings, conclusions derived from animal 
experiments which have classed theophyl- 
line as a ‘malignant’ coronary vasodilator 
must be rejected for man.” Elixophyllin 
administered orally to 30 patients was ef- 
fective “not only in control of symptoms 
but in its modifying action on the electro- 
cardiographic response to standard exercise. 


‘The efficacy of this preparation is based on 


the rapid absorption and attainment of high 
blood levels made possible by the vehicle 
employed.” 


(Russek, H. I., Am. J. Med. Sc. Feb., 1960) 


CLINICAL REFERENCE DATA ON 


ELIXOPHYLLIN® 


FORMULA: 


ORAL DOSAGE: 


AVAILABLE: 


SPECIAL REPRINT: 
quest. 
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A hydro-aicoholic solution of theophylline. Each 15 cc. 
(1 tablespoonful) contains 80 mg. theophylline (equiva- 
lent to 100 mg. aminophylline) and 20% ethyl alcohol. 


First 2 days—doses of 45 cc. t.i.d. (before breakfast, at 
3 P.M., and on retiring). 
Thereafter—doses of 30 cc. t.i.d. (at same times). 


Prescription only; bottles of 16 fi. oz. and 1 gallon. 


Reprint of Dr. Russek’s paper abstracted above on re- 


Detroit 11, Michigan 
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ECG accuracy and convenience 
are skillfully combined in the 
new Burdick EK-III Console 
Electrocardiograph—especially 
adapted for hospital use. The 
built-in recording unit features 
greatly simplified paper loading, 
finer definition with a tubular 
stylus, fast switching from lead 
to lead, and both 25- and 50-mm 
speeds. Easy mobility plus am- 
ple storage and work space are E A- i | i 
also important features of the 

EK-III Console. Console 


@ Recessed, removable © Retractable line cord 


Electrocardiograph 

@ Working space on © Large, easy-rolling 
cabinet top casters 

© Ample drawer © Convenient 
capacity handle bars 

VERSATILE 
THE BURDICK CORPORATION 


MILTON, WISCONSIN 
Branch Offices: New York * Chicago * Atlanta 
Los Angeles ¢ Dealers in all principal cities 
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= a proven drug— 
supported by extensive clinical ex- 
perience during the last ten years 


a selective physiologic 
action — 

unlike most nitrites, dilates coro- 
nary vessels principally, with mini- 
mal peripheral effects, so that 
coronary blood flow is increased 
with no significant change in blood 
pressure or pulse rate 


= exceptionally safe — 

safe for prolonged use—essentially 
free from side effects—tolerance has 
not been reported—no hypotension, 
orthostatic or otherwise, has oc- 
curred—so safe, it is used routinely 
even after a coronary 


= effective in mildest to 
severest angina pectoris — 
4 out of 5 patients experience re- 
duced frequency and severity of 
anginal attacks, increased exercise 
tolerance, lowered nitroglycerin de- 
pendence, improved ECG findings 


= ideal in postcoronary 
convalescence — 

helps establish and sustain collat- 
eral circulation to reduce the extent 
of myocardial damage, to encour- 
age natural healing and repair, to 
minimize ensuing anginal attacks 


= adaptable prophylaxis — 
available in several formulations to 
meet the individual requirements 
of patients with coronary artery 
disease: Peritrate 20 mg. for basic 
prophylaxis, Peritrate with Pheno- 
barbital for the apprehensive pa- 
tient, Peritrate Sustained Action for 
convenient 24-hour protection with 
just 2 tablets daily. 


WARNER 


CHILCOTT 


MORRIS PLAINS, N.J. 
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Sanborn Model 769 
Viso-Scope — for 
monitor use with 
existing Sanborn 
Recording Systems 


HE vertically mounted 17” screen provides ample 

space for up to 8 clear, long-persistance traces to be 
shown simultaneously on the Sanborn Model 769 
Viso-Scope. Individual plug-in gating amplifiers in 
the 769 perform the function of an electronic switch 
— one amplifier for each signal to be shown on the 
*scope — the signals being derived by direct con- 
nection of the 769 to existing Sanborn Recording Sys- 
tems such as Model 60 Twin-Viso, Models 64, 77M, 
150M and 350M Poly-Visos, and 550M Poly-Beam. 

Automatic or manual trace sweep speeds of 2, 4 and 
8 seconds (5, 2.5, and 1.25 inches/sec) are provided 
and an additional manual sweep speed of 25 seconds 
is included for use when slowly changing waveforms 
such as dye dilution curves are studied. 

Controls permit sensitivity ranges from 5” /volt 
to 14” per volt, positioning of each signal at any level 


SANBORN 


on the screen, and vector loop presentation. A 
Polaroid filter is used to minimize interference from 
room lighting, and provision is made for tilting the 


"scope unit forward (up to 20 degrees) for optimum 


viewing ease. Front and rear input connections are 
available. With suitable cabling, several 769 units 
can be connected together for master slave operation. 

The Model 769 Viso-Scope — scheduled for delivery 
starting in September — is the first of a group of 
Sanborn “760” Monitor Units (including low voltage 
preamplifiers) soon to be made available for use in 
Hospital Operating Rooms, Recovery Rooms and 
Intensive Care Units, and by Catheterization Units 
and Teaching Groups. ; 

For complete details, contact your nearest Sanborn 
Branch Office or Service Agency, or write the Inquiry 
Director at the Main Office in Waltham. 


COMPAN Y 


MEDICAL DIVISION, 175 WYMAN STREET, WALTHAM 54, MASS. 
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Lead Il: at rest. Lead !!: 14% minutes after 10 mg, TENUATE 5 minutes after injection. 
iv.—equivalent to 100 mg. oral dose (4 times 
the recommended oral dose) 


with Tenuate, ECG fluctuation is insignificant’ 


‘ENUATE suppresses appetite with unique — 
‘antages for “special risk” patients: No 
‘rect on heart rate, blood pressure, pulse 
respiration,' no alteration of BMR.? 


sage: 
25 mg. tablet one hour before meals. To 
‘rol nighttime hunger, an additional tablet 


‘be taken in mid-evening: unger contro 


yply: 


“ ttles of 100 and 1,000 light Bite tablets. with less than 1% CNS stimulation 


ferences: 
Alfaro, R. D.; Gracanin, V. and Sehiueter, E.: Michigan 
Gen. Pract., Detroit, November, 1958, 2. Huels, G.: Mich- 
Acad. Gen. Pract. Symposium, Detroit, 1969. 8. Horwitz, 
ersonal communication, 1969. 4, Spielman, A. D.: Michi- 
.cad. Gen. Pract. Symposium, Detroit, 1968. S. Ravetz, E.: 
an Acad. Gen, Praet. Syinpostgm, Detroit, 1959, 
recina, L. J.: Exper. Med, & Surg, press. 7. Scanian, 
Personal communication, 1959, -8, Kroetz and Storck: 
‘ersonal communication, 1969, 


Merrell THE WM.S. MERRELL COMPANY 


SINCE Cincinnati, Ohio + St, Thomas, Ontario 
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Elema-Schonander 


Two, three and 


Simple operation. 


Electrokymograph, Plethys- 

mograph etc. etc. 


% At Right are actual re- 


cordings the A 3 
Mingograph, model 42B, 


through a different filter. Bite i 


Available through your local ‘ 4 
X-Ray dealers. - 
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this hypertensive 
yatient prefers 

and so does 
his physician 


Patient’s comment: ‘‘The other drug [whole root rauwolfia] made me feel lazy. | just didn't feel 
in the mood to make my calls. My nose used to get stuffed up, too. This new pill [Singoserp] 
doesn't give me any trouble at all.”’ 


Clinician’s report: J. M., a salesman, had a 16-year history of hypertension. Blood pressure at 
first examination was 190/100 mm. Hg. Whole root rauwolfia lowered pressure to 140/80 — 
but side effects were intolerable. Singoserp, 0.5 mg. daily, further reduced pressure to 130/80 
and eliminated all drug symptoms. 


Many hypertensive patients and their physicians 


prefer Singoserp because it usually lowers 
blood pressure without rauwolfia side effects 


SUPPLIED: Singoserp Tablets, 1 mg. (white, scored). Also available: Singoserp®-Esidrix® Tablets #2 (white), each con- 
taining 1 mg. Singoserp and 25 mg. Esidrix; Singoserp®-Esidrix® Tablets #1 (white), each containing 0.5 mg. Singoserp 
and 25 mg. Esidrix. Complete information sent on request. 

Singoserp® (syrosingopine CIBA) Singoserp®-Esidrix® (syrosingopine and hydrochlorothiazide CIBA) crea 


ajescens SUMMIT, NEW JERSEY 


Photo used with patient’s permission. 
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Doctor, do you feel that your colleagues are missing 
important new developments in cardiology by not 


reading The American Journal of Cardiology? 


Let us send them a complimentary copy—of 
course there is no obligation to you or your 


colleagues. Just fill out the coupon and mail 


it to us. 
Dr. Dr. 
Address Address 
Dr. Your Name 
Address Address 


10/60 


The American Journal of Cardiology 


11 EAST 36th STREET NEW YORK 16, N. Y. 
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FEECTRODYNE TRANSISTOR PACEMAKE 


DEVELOPED By PAUL ZOU MD. 


NEW MINIATURE PACEMAKER 


BATTERY POWERED, ALL-TRANSISTOR CARDIAC PACEMAKER 
- +» READY FOR INSTANTANEOUS STIMULATION AT ALL TIMES 


Another proven ELECTRODYNE instrument developed in conjunction with Paul M. Zoll, M. D. is 
now available. The all-transistor Pacemaker represents an important addition to the highly spe- 
cialized line of proven cardiac life-saving instruments now offered by ELECTRODYNE. No time loss, 
just flip the switch and within three seconds the new TR-3 is delivering stimulation. Operates from one 
long-life battery or, as an additional feature, may be plugged into any standard AC outlet. 


The TR-3 provides the necessary currents for both external and direct stimulation of the heart 
through completely independent outlets and cord sets. The amplitude of the stimulus is continuously 
variable from 0-150 volts for external stimulation and 0-15 volts for direct stimulation. 


A built-in compartment holds complete accessories easily available for immediate action. 


Open heart surgery: Provision for direct stimulation of heart for treatment of 
post-operative heart block through a wire attached directly to the myocardium. 
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Nou REPRINT ORDER 
FORM 


Bound Volumes of 


The American Journal of Cardiology THE AMERICAN JOURNAL 


oF MEDICINE 


11 E. 36th St., New York 16, N. Y. 


Please send me the following 
reprints from THE AMERICAN 
JOURNAL OF MEDICINE. 


SEMINARS 
[] Atrerey (1956) $2.00 
Disease or THE Pancreas 
VOL. 1—JAN.-JUNE 1958 VOL. 3—JAN.-JUNE 1959 (1956) $2.00 
VOL. 2—JULY-DEC. 1958 VOL. 4—JULY-DEC. 1959 
Permanently bound in sky-blue buckram with [1] Bone Diszasz (195 7) $2 .00 
gold stamping, these quick-reference volumes 
make attractive and useful gifts for your hos- (] Liver Diszase (1958) $2.00 
pital, medical school, colleagues or your 
own personal library [] Mycotic INFEcTIONS 
| (1959) $3.00 
| THE AMERICAN JOURNAL OF CARDIOLOGY | 
| 11 East 36th Street, New York 16, N. Y. Enclosed is my check 
| Please send Bound Volumes (indicated below) of The | 
| American Journal of Cardiology to: 
| 
| Name 
Town State 
Check choice | Address 
love; 
| Vol. 
| $10.00 per Volume (© Check Enclosed | 
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Metamine Sustained’ helps 


1 tablet 


you dilate the coronaries mae 


METAMINE SUSTAINED (triethanolamine trinitrate biphosphate, 10 mg., in a unique sustained- 
release tablet) is a potent and exceptionally well tolerated coronary vasodilator. Pharmacological 
studies at McGill University demonstrated that METAMINE “exerts a more prolonged and as good, 
if not slightly better coronary vasodilator action than nitroglycerin . . .”"! Work at the Pasteur 
Institute established that METAMINE exerts considerably less depressor effect than does nitro- 
glycerin.? Virtually free from nitrate side effects (nausea, headache, hypotension), METAMINE 
SUSTAINED protects many patients refractory to other cardiac nitrates, and, given b.i.d., is ideal 
medication for the patient with coronary insufficiency. Bottles of 50 and 500 tablets. Also: 
METAMINE, METAMINE WITH BUTABARBITAL, METAMINE WITH BUTABARBITAL SUSTAINED, 
METAMINE SUSTAINED WITH RESERPINE. 


1. Melville, K. I., and Lu, F.C.: Canadian M.A.J., 65:11, 1951. 2. Bovet, D., and Nitti-Bovet, F.: Arch. Internat. 


de pharmacodyn. et therap., 83:367, 1946. 3. Fuller, H. L., and Kassel, L.E.: Antibiotic Med. & Clin. Therapy, 
3:322, 1956. 


Sher. Leeming Ce New York 17, N. *Patent applied for 
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peaks 
or 


valleys 


You will find that Digitaline Nativelle, the original crystalline digitoxin, provides exactly 
the balanced, controlled maintenance dose you want for your cardiac patient. Its duration 
of activity is neither too short nor unduly prolonged, well suited to daily maintenance 
therapy. Its complete absorption and purity assure uniform potency, precision of dosage, 
total utilization and effectiveness. A product of Nativelle, Inc. 


E. Fougera & Company, Inc., Hicksville, Long Island, N. Y. 


after initial digitalization... 
a lifetime of balanced 


controlled maintenance therapy 
48 
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in angina pectoris... 
24-hour protection against 
both pain and fear with just one 


Clinically proved'’?* to establish peak nitrate blood levels soon after an initial dose 
and to maintain these levels throughout a 12-hour period... 


thus avoiding bothersome t.i.d. or q.i.d. routines, yet permitting the patient to enjoy 
up to 12 hours’ uninterrupted relief from pain and fear with a single COROVAS Tymcap: 
“,..it would appear that 60 mg. of PETN in TD capsule form [timed-disintegration 
COROVAS Tymcaps] is as effective as 80 mg. PETN in tablet form, in controlling the 


anginal attacks.”* Cc O R O VA S Tymcaps 


prolonged, sustained-action of vasodilating pentaerythritol tetra- 
nitrate (PETN) 30 mg., and sedative secobarbituric acid 50 mg. 


» contro/s or prevents anginal pain 
» alleviates associated fear, apprehension and panic 
» reduces frequency and’ severity of attacks 
» reduces the need for nitroglycerin 
Supplied—Boxes of 60 and 120 


|. Feinblatt, T. M., and Ferguson, E. A.: New Eng. J. Med. 256:331 (Feb.) 1957. 

2. Kupersmith, |. H.: International Record of Medicine, Vol. 171 No. 10 (Oct.) 1958. 
Genie 3. Berry, J. W., and Roach, T. C.: Circulation, Vol. 17, No. 6 (June) 1958. 
AFG) Amfre-Grant Inc. Brooklyn 26, New York 
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indicated effective 
in all degrees | by itself in most 
of hypertension hypertensives 


avoroDIURIL with RESERPINE 


HYDROPRES can be used: 
> 2/o/€ (in most patients, HYDROPRES is the only antihypertensive medication needed.) 


as basic therapy, adding other drugs if necessary (should other anti- 
hypertensive agents need to be added, they can be given in much lower than usual dosage 
so that their side effects are often strikingly reduced.) 


> as replacement therapy, in patients now treated with other drugs 


(In patients treated with rauwolfia or its derivatives, HYDROPRES can produce a greater anti- 
hypertensive effect. Moreover, HYDROPRES is less likely to cause side effects characteristic 
of rauwolfia, since the required dosage of reserpine is usually less when given in combination 
with HydroDIURIL than when given alone.) 


HYDROPRES- 25 HYDROPRES- 50 


25 mg. HydroDIURIL, 0.125 mg. reserpine. 50 mg. HydroDIURIL, 0.125 mg. reserpine. 
One tablet one to four times a day. One tablet one or two times a day. 


If the patient is receiving ganglion biocking drugs or hydralazine, 
their dosage must be cut in half when HYDROPRES is added. 


For additional information, write Professional Services, Merck Sharp & Dohme, West Point, Pa. 
MERCK SHARP & DOHME, DiviSiON OF MERCK & CO., Inc., PHILADELPHIA 1, PA. 


RES AND HY ARE TRADEMARKS OF MERCK € CO., INC. 
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bral anticoagulants Sintr om 


dapted to brand of acenocoumarol 
different needs Tromexan 


brand of ethyl biscoumacetate 


Geigy 


J Tromexan is distinguished by rapid onset 
Ik : ma Of hypoprothrombinemic effect and by an 

‘ equally rapid decline. It is particularly 
indicated when either prompt anticoag- 
ulant effect is imperative or termination of 
therapy is required, as for surgical 
intervention. 


Sintrom has a rate of action intermediate 
between that of Tromexan and Dicumarol.® 
It is noted for the ease with which a 
stable prothrombin response can 
be maintained on uniform daily dosage. 
Consequently it is exceptionally well 
adapted to long-term therapy. 


'Tromexan®, brand of ethyl biscoumacetate: Scored tablets 
of 150 mg. and 300 mg. Sintrom®, brand of acenocoumarol: 
Double-scored tablets of 4 mg. 


Geigy, Ardsley, New York 
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Cardiovascular patients 
respond in a few days. 
Thanks to your prompt 
treatment and the smooth 
action of Deprol, his de- 
pression is relieved and his 
anxiety calmed — often in 
two or three days. He eats 
well, sleeps well and his de- 
pression no longer compli- 
cates your basic regimen. 


Lifts depression...as calms anxiety! 


For cardiovascular patients—a smooth, balanced action that 
lifts depression as it calms anxiety...rapidly and safely 


Balances the mood—no “seesaw” effect of | Acts swiftly—the patient often feels better, 
amphetamine-barbiturates and ener- sleeps better, within two or three days. 
gizers. While amphetamines and energizers Unlike most other antidepressant drugs, 
may stimulate the patient — they often Deprol relieves the patient quickly — often 
aggravate anxiety and tension. And within two or three days. 

although amphetamine-barbiturate combi- = 4¢¢g safely — no danger of hypotension. 
nations may counteract excessive stimula- = Deprol does not cause hypotension, tachy- 
tion — they often deepen depression. cardia, jitteriness, or liver toxicity. It can 
In contrast to such “seesaw” effects, Deprol be safely administered with basic cardio- 
lifts depression as it calms anxiety — both vascular therapy. 

at the same time. 


Dosage: Usual starting dose is 1 tablet q.i.d. When necessary, . D ep r ol” 


this may be gradually increased up to 3 tablets q.i.d. 
nactyzine ) and 400 mg. meprobamate. . 
Supplied: Bottles of 50 light-pink, scored tablets. Write for \/¥ WALLACE LABORATORIES 
literature and samples. Cranbury, N. J. 
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Clark treated 31 anginal patients who showed signs of anxiety, fear, excitement and other forms of emotional 
stress. On CARTRAX, all 31 fared better than they had on previous therapy... as judged both by subjective 
reports and by reduced nitroglycerin requirements.* 


CARTRAX combines PETN (for prolonged vasodilation) with ATARAX (the tranquilizer preferred for angina patients 
because of its safety and mild antiarrhythmic properties). Thus, CARTRAX helps you to cope with both com- 
ponents of angina pectoris—circulatory and emotional. 


For a better way to help your angina patients relax, prescribe CARTRAX. *Clark, T. E., in press. 


times daily. For dosage flexibility, CARTRAX “20” 
(pink) tablets (20 mg. PETN plus 10 mg. ATARAX) may be utilized at a level of one tablet 
three to four times a day. The tablets should be administered before meals for optimal jew york 17. N. Y. 
fesponse. For convenience, write ‘‘CARTRAX I0” or “CARTRAX 20.” As with all nitrates, Division, Chas. Pfizer & Co., Inc. 
use with caution in glaucoma. Supplied: In bottles of 100. Prescription only. Science for the World's Weil-Being™ 
T pentaerythritol tetranitrate tfbrand of hydroxyzine 
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50 mg. 

CAUTION Federal tax prob 
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WALKER LABORATORIES. 


HEDULIN is the trademark for the Walker brand of phenindione. 50 mg. scored tablets for therapeutic 
use; 20 mg. scored tablets for prophylactic use. Bottles of 100 and 1,000. For more detailed informa- 


tion and a clinical trial supply of Hedulin, write to Walker Laboratories, Inc., Mount Vernon, N. Y. 
1. Breneman, G. M., and Priest, E. McC.: Am. Heart J. 50:129 (July) 1955. 2. Tandowsky, R. M.: Am. J. Cardiol, 3:551 (April) 1959. 
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Blood pressure that goes up with stress 


One reason that many cases of hypertension 
respond to Serpasil is that many cases are as- 
sociated with stress. Stress situations produce 
stimuli which pass through the sympathetic 
nerves, constricting blood vessels, and increas- 
ing heart rate. Hyperactivity of the sympathetic 
nervous system may elevate blood pressure; if 
prolonged, this may produce frank hyperten- 
sion. By blocking the flow of excessive stimuli 
to the sympathetic nervous system, Serpasil 
guards against stress-induced vasoconstriction, 
brings blood pressure down slowly and gently. 


Complete information available on request. 


of their side eftects. 
*Coan, J. P., McAlpine, J. C., and Boone, J. A.: J. South Carolina M, A. 51:417 (Dec.) 1955. —_jessone » ean 


often comes down with SERPASIL 


(reserpine ciBa) 
In mild to moderate hypertension, Serpasil is 
basic therapy, effective alone ‘‘...in about 70 


_per cent of cases...'’* 


In severe hypertension, Serpasil is valuable as 
a primer. By adjusting the patient to the physio- 
logic setting of lower pressure, it smooths the 
way for more potent antihypertensives. 

In all grades. of hypertension, Serpasil may be 
used as a background agent. By permitting 
lower dosage of more potent antihypertensives, 
Serpasil minimizes the incidence and severity 
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If one igitalis agent were 
yo to be recommended for us 
adaptability to the many and 
C nica contingencles» 
d 
we believe Digox™" woulda ve 
Ee 
the drug f chorce- 
: Levine, 5- A.: Current Concepts in Digitalis Therapy: 
Company, 1954 P- 23, pat: 2+ 
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PUBLISHER’S INFORMATION PAGE 


_The Editors and Publishers of THE AMERICAN JOURNAL OF CARDIOLOGY welcome concise 


articles on new findings in cardiology. As is customary in professional publications, state- 


ments in articles are the responsibility of the authors; articles must be contributed solely 


to THE AMERICAN JOURNAL OF CARDIOLOGY; material is copyrighted and may not be re- 


produced without permission of the publishers. 


Preparation of Manuscripts 


Authors are requested to follow these instructions 


carefully in preparing manuscripts: Please double 


space with good margins; type on one side of the 
sheet only; make a carbon copy for yourself and send 
the original with one carbon copy to the editor; 
include staff position and connection; list biblio- 
graphic references in chronological order as referred 
to in text at the end of the article (not in footnotes). 
Please make certain each reference contains the 
name of author with initials; title of article; name 
of periodical, with volume, page and year. For 
example: Smith, J.S. Treatment of cardiac failure. 


Am. J. Card., 3:274, 1959. 


Preparation of Illustrations 

So that your article will be presented most effec- 
tively, illustrations must be glossy prints or profes- 
sional drawings in black ink (never in blue; it will 
not reproduce well). Reference to all illustrations 
should be inserted in the text in consecutive order. 
Please follow these identification instructions: 
Write the figure number and the author’s name on 


the back of each illustration and indicate the top. 


Type legends for illustrations on a separate sheet 
with numbers corresponding to those on the photo- 
graphs or drawings. Please do not attach legends 
to the pictures. 


A reasonable number of illustrations are supplied free 
of cost; we know the authors will understand that 
special arrangements must be made with the publish- 


ers for excess illustrations and tables. 


Reviews, Abstracts 

Books for review may be sent directly to the Editor, 
Simon Dack, The American Journal of 
Cardiology, 11 E. 36th St., New York 16. 


M.D., 


Permission to abstract must be obtained from the 
publisher. Only paid circulation journals will be 


permitted to abstract. 


Reprints 

Orders for reprints of articles should be sent directly 
to the Publisher, The American Journal of 
Cardiology, 11 East 36th Street, New York 16, N. Y. 


Prices are quoted after articles are published. 


The American Journal of Cardiology 
11 East 36th Street, New York 16, New York 
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safe and practical treatment 
of the postcoronary patient 


A basic characteristic of the postcoronary patient, 
whether or not cholesterol levels are elevated, is his 
inability to clear fat from his blood stream as rapidly 
as the normal subject.'-3 Figure #1 graphically illus- 
trates this difference in fat-clearing time by compar- 
ing atherosclerotic and normal subjects after a fat 


Fig. 1 


in hours 


sring time 


meal. 
| “Slow clearers” gradually accumulate an excess of 3 : 
fat in the blood stream over a period of years as . 3 
each meal adds an additional burden to an already 2 
fat-laden serum. As shown in figure #2, the blood = 


literally becomes saturated with large fat particles, 
presenting a dual hazard to the atherosclerotic 
patient: the long-term danger of deposition of these 
fats on the vessel walls,4 and the more immediate 
risk of high blood fat levels after a particularly 
heavy meal possibly precipitating acute coronary 
embarrassment.5 


In figure #3, the test tube at the left contains lipemic 
serum, while the one at the right contains clear, or 
normal serum. If serum examined after a 12-hour 
fasting period presents a milky appearance, this is 
a strong indication that the patient clears fat slowly 
and is a candidate for antilipemic therapy in an Fig. 3 
effort to check a potentially serious situation. 


‘Clarin’, which is heparin in the form of a sublingual 
tablet, has been demonstrated to clear lipemic 
serum.?67 Furthermore, a two-year study using 
matched controls resulted in a statistically significant 
reduction of recurrent myocardial infarction in 130 
patients treated with ‘Clarin’.® 


‘Clarin’ therapy is simple and safe, requiring no clot- 
ting-time or prothrombin determinations. Complete 
literature is available to physicians upon request. 


References: 1. Anfinsen, C. B.: Symposium on Atherosclerosis, 
National Academy of Sciences, National Research Council Publication 


Indication: For the management of 


338, 1955, p. 218. 2. Berkowitz, D.; Likoff, W., and Spitzer, J. J.: hyperlipemia associated with ath \ 
Clin. Res. 7:225 (Apr.) 1959. 3. Stutman, L. J., and George, M.: ype pe . ‘ ed th atheroscle 
Clin. Res. 7:225 (Apr.) 1959. 4. Wilkinson, C. F., Jr.: Annals of Int. rosis, especially in the postcoronary 
Med. 45:674 (Oct.) 1956. 5. Kuo, P. T., and patient 
t a +, an man, D.: giology 
{ (June) 1959. 8.-Fuller, H. L.:-Circulation 20:699 (Oct.) 1959. - Dosage: After each meal, hold one tablet 


under the tongue until dissolved. 


Supplied: ‘Clarin’ is supplied in bottles 


of 50 pink, sublingual tablets. each con- 
taining 1500 I.U. of heparin potassium. 
*Registered trade mark. Patent applied for. 

Leeming & Ce, Inc 


(sublingual heparin potassium, Leeming) 


New York 17, N. Y. 
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alseroxylon, 2 mg. 


more than tower bicod pressure! 


. Seven years of experience show 
that RAUWILOID also affords 


Safe ty based on negligible incidence 
of side actions 


Fre S OTT) from concern over sudden 


hypotensive episodes or unwanted 
biochemical alterations 


Practical ity. simplicity of dosage 


.. applicable to a wide range of patients 


When more potent drugs are needed, prescribe 
one of the convenient single-tablet combinations 


Rauwiloid® + Veriloid® a Rauwiloid® + Hexamethonium 


alseroxyion 1 mg. and alkavervir 3 mg. alseroxyion 1 mg. and hexamethonium 
chloride dihydrate 250 mg. 
_ Many patients with severe hypertension can be main- e : 
ta.ned on Rauwilold alone after desired blood pres- kes 
e hed with combination medication. 
sure levels are reached with c 


APR 196) 7 
— Just two tablets at bedtime 
| | 
4 
| 
alifornia 


